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RONCHOSPIROMETRY is a method by which we are able, broncho- 
scopically, to determine the size and function of each lung. In 
respect to the isolated lung, we are thus able to calculate its vital 
capacity, reserve air, and residual air. Of its functions the oxygen- 
intake and the carbon dioxide-output are determined per unit time. 
By animal experiments attempts have been made for a long time in 
the past to separate the respired air from each lung. Most methods 
have been founded on a principle advanced by Pfliiger in 1870, by 
which a lung catheter is introduced with the distal end surrounded by a 
distensible rubber cuff, enabling the air from the respective bronchus 
to be led off. In the course of years, one has also succeeded in record- 
ing the respiration from each lung by a catheter of that nature ; generally 
one then began with a preliminary tracheotomy and from the opening 
inserted the necessary cannulas and recorded the breathing on separate 
spirometers. Naturally the possibilities of getting some variation in the 
respiration were exceedingly limited and consequently the results were 
circumscribed. 

Experiments of this nature on man have always been considered 
unfeasible, and as late as 1930 when Anthony and Hansen tried thoraco- 
graphically, to get an idea of the function of each lung, they stated: 
‘‘Die Volumenschwankungen und Atembewegungen der beiden Thorax- 

*From the II Medical Department of the Seraphimer Hospital, Stockholm. 

Read before the Twentieth Annual Meeting of the American Association for 
Thoracic Surgery at Saranac Lake, N.Y., June 1, 1937. 

+The sudden death of Professor Jacobaeus in December occurred before he had an 
opportunity to revise the proofs of this article. As few changes as possible have been 
made in the manuscript since the editor did not wish to make revisions which could 
not be seen by the author. This important new study adds much to our knowledge 
of the functions of the lungs which have been altered by tuberculosis. All of those 
interested in thoracic diseases will feel very keenly the loss of this eminent and kindly 
clinician.— Editor. 
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halften resp. der beiden Lungen kénnen bei Menschen nicht getrennt 
bestimmt werden, da die Anwendung eines Lungenkatheters, um den 
Luftgehalt beider Lungen zu trennen, nicht méglich ist.’’ 


In the summer of 1932, it occurred to me one should examine the 
possibilities of trying, bronchoscopically, to separate the air from each 
lung. With that end in view, I first consulted our physiologic expert, 
Professor Liljestrand, who at once suggested we use Pfliiger’s catheter, 
with an inflatable rubber cuff by which the air is isolated from one 
lung at a time; the other end of the catheter would be connected to a 


g 


Krogh’s spirometer in accordance with the above mentioned experiments. 
The next step was to find the technical solution of this problem by 
bronchoscopy. This was done by our expert on this subject, Dr. 
Frenckner. 

An inflatable rubber cap was mounted on the extreme end of a 
bronchosecope of Chevalier Jackson’s type. Within one month the first 
successful experiments had been completed, showing that the method was 
technically possible to carry out. 

At first the determinations were made first of one lung and then 
of the other. This caused the examination to become protracted, a 
drawback which on account of its nature was less desirable. On the sug- 
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gestion of Professor Liljestrand, we subsequently devised a double 
bronchoscope, one stem of which with its rubber cuff was fixed in one 
of the main bronchi, the other one in the trachea, the latter stem thus 
conveying the air from the other lung. The adjoined diagrammatic 
illustration shows best the working of the bronchoseope (Fig. 1). 

The proximal ends of the bronchoscope are connected with a double 
spirometer, whereby the curves are simultaneously recorded from each 
lung separately. The first spirometric tests were carried out by my 
former assistant, Dr. Bjorkman, and the experiences gained from the 
first 150 cases will be found summarized in his academic treatise. Since 


Fig. 2. 


then our experience has been amplified by about the same number of 
eases, and I shall now pass on to a closer account of these. 

To start with, a number of normal individuals were subjected to 
examination with the result that complete agreement was obtained with 
prevailing anatomic conditions. In accordance with the anatomic fact 
that the right lung makes up 53 to 54 per cent, and the left 46 to 47 
per cent of the aggregate volume of both lungs, exactly the same ratio is 
found to apply in regard to their function (Chart 1). 

Since bronehospirometry is a method for determining the size and 
function of each lung, it is of importance to know, not only in what 
diseases the method may be useful but also what bearing it has on our 
former physical methods of examination and on roentgen examination. 
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Regarding the first question, what diseased conditions may have to be 
considered, there is no definite rule. The examination being rather 
taxing to the patient, his general condition must not be too impaired. 
The nature of the disease is of less significance. It is generally held that 
bronchoscopy is associated with risk in tuberculous affections of the lung. 
The large majority of cases tested by bronchospirometry here, roughly 
300 in all, are made up of subjects with tuberculous lung affections, but 
no inconvenience has been noted. The only contraindication we have had 
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Chart 2. 


is a recent hemoptysis. Otherwise bronchospirometry has been carried 
out in eases of lung tumors, bronchiectasis, bronchostenosis, postpneu- 
monie conditions, and so on, although to a relatively limited extent. 
There has never occurred any severe accident to the patient. The 
second important question is the results of bronchospirometry as com- 
pared with our physical methods of examination, chiefly then roentgen 
examination. The latter, in particular, has so far been regarded the 
most reliable method for forming an opinion of the pulmonary condi- 
tion, both from an anatomic and, consequently, a functional standpoint. 


: Chart 1. 
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In what follows I shall, therefore, give illustrations of the experience so 
far gained of bronchospirometry and, above all, show cases where there 
was nonagreement between the different methods of examination. 


CasE 1.—Karl B. K., born 1904. In 1925 pleurisy was noted on right side; in 
1926, on left side. Patient was taken ill on March, 1935, and in August pulmonary 
tuberculosis was found. Pneumothorax failed. Tubercle bacilli +. Sputum quan- 
tities about 50 


Chart 4. 


Admitted to hospital Feb. 5, 1936. General condition excellent. Only minor 
changes in right lung. Medially in supraclavicular and I.1 region there was a cavity, 
the size of 2 by 3.5 cm., surrounded by smaller opacities (Fig. 2). Bronchospirometry 
(Chart 2) showed a mild reduction (42.8 per cent of the O,-intake on the right side; 
the CO,-output and ventilation are still less affected. The sick lung being possessed 
of such a good function, a plastic operation, if undertaken, should be made as limited 


as possible, 


Chart 3. 
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BRONCHOSPIROMETRY 


SPIROM- 
ETRY 


RIGHT 
LUNG 


LEFT 
LUNG 


R+L 
LUNGS 


R. IN % OF 
TOTAL VALUE 


L. IN % OF 
TOTAL VALUE 


O,-intake/min. 
CO,-output/min. 
Ventilation/min. 
Vital capacity 


311.8 

216.2 
6500 
3105 


152.2 

124.2 
4170 
1285 


203.1 

133.5 
4600 
1425 


355.3 

257.7 
8765 
2710 


42.8 
48.2 
47.5 
47.4 


57.2 
51.8 
52.5 
52.6 


CASE 2.—R. V. P., born 1896. Taken ill on Jan., 1935. Treatment at sanatorium 
the whole of 1935 and 1936. Pneumothorax only partly successful and without effect. 
Patient refused plastic operation until now, Admitted to hospital March 9, 1937. 
General condition excellent. 

Roentgen examination gives evidence of changes in the lungs. 
tuberculosis of left lung, large cavity in the middle besides numerous streak-shaped 


and mottled opacities. 
changes in I.1 and I.2. 


Fig. 3. 


Tubercle bacilli + in sputum. 


BRONCHOSPIROMETRY 


Widespread 


In the right lung, too, there are a few streaky and mottled 
Heart and mediastinum displaced to the left (Fig. 3). 


SPIROM- 
ETRY 


RIGHT 
LUNG 


LEFT 
LUNG 


R+L 
LUNGS 


R. IN % OF 
TOTAL VALUE 


L. IN % OF 
TOTAL VALUE 


O,-intake/min. 
CO,-output/min. 
Ventilation/min. 
Vital capacity 


259.0 

197.2 
6405 
3470 


408.1 

513 
11285 
2390 


9.9 

23.0 
1020 
470 


417.9 

374.2 
12310 
2860 


97.7 
93.9 
91.7 


83.6 


Bronchospirometric examination (Chart 3) shows that only 2.3 per cent of the 
CO,-output and ventilation are decidedly 


O,-intake is taking place on this side. 
greater, 6.2 per cent and 8.5 per cent respectively, probably owing to the large 
cavities. A complete thoracoplastic operation, previously suggested, is well supported 
by the result of the bronchospirometry. 


In the following case I want to show the effect of an enormous cavity 
on function. 
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Case 3.—Female, ‘aged forty-one years. In March, 1932, right-sided tuberculosis 
was diagnosed. Patient was treated at sanatorium, pneumothorax treatment failed 
wherefore she was admitted for plastic operation, if advisable, on Oct., 1933. Gen- 
eral condition good. The right lung was the seat of a shrinking tuberculous 
process, with displacement of heart and mediastinum and with an enormous cavity 
in the upper part of the lung (Fig. 4, and Chart 4). 


BRONCHOSPIROMETRY 


SPIROM- | RIGHT LEFT R+L | R. IN % OF | L. IN % OF 
ETRY LUNG LUNG LUNGS | TOTAL VALUE | TOTAL VALUE 
O,-intake/min. 204.2 71.4 225.1 296.5 24.1 75.9 
CO,-output/min. 159.1 78.8 123.7 202.5 38.9 
Ventilation/min. 4835 3490 4515 8005 43.6 
Vital capacity 1135 330 660 990 33.3 


Fig. 4. 


This case shows, that in a cavity of this size a large quantity of air probably 
passes in and out on respiration; the O,-intake is relatively small, 24 per cent, while 
ventilation is large, 43.6 per cent, and the CO,-output, 38.9 per cent, which, as a 
rule, accurately follows the ventilation, is considerably greater. As will later be 
discussed in greater detail, the CO, excretion takes place, not only from the pa- 
renchyma, but also from bronchi and the cavernal walls, which probably explains 
the difference in the present case. 


As instances of the effect of pleuritic bands on the pulmonary fune- 
tion the following two cases may be quoted. 


Case 4.—O. K., female, aged thirty-seven years, taken ill in 1930 with left-sided 
pulmonary tuberculosis for which she was treated by pneumothorax for nine months, 
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with constant effusion. She was then well till six months before admission here, when 
she was caught with severe stabbing pains in the left side, besides loss of weight, 7 
to 8 kilograms. On Oct. 22, 1933, her general condition was satisfactory. On phys- 
ical examination of left lung there was medium dullness in addition to weakened 
breathing over the whole lung. Increased breathing on right side. On roentgen 
examination there was well-marked displacement of heart and mediastinum to the 
left. The lung, aerated only in its upper lateral portion, is surrounded by a very 
thick fibrotic pleura. No visible details. Right lung normal except for numerous 
calcifications of small size (Fig. 5 and Chart 5). 


Chart 5. 


im 


Chart 6. 


BRONCHOSPIROMETRY (OcT. 30, 1935) 


SPIROM- | RIGHT LEFT R+L |R. IN % OF | L. IN % OF 
ETRY LUNG LUNG LUNGS /|TOTAL VALUE | TOTAL VALUE 
O,-intake/min. 216.1 303.2 63.8 366.8 82.7 17.3 
CO,-output/min. 150.2 195.6 42.1 237.7 82.3 Lie 
Ventilation/min. 5085 5285 1260 6540 80.8 19.2 
Vital capacity 2635 1300 275 1575 82.6 17.4 


As shown above, the respiration on the left side amounted to 17 per cent, in spite 
of the fact that this lung was embedded in thick fibrotic layers after previous pneu- 
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mothorax and long-standing pleurisy, a result that seems to me better than could 
be expected. A point of interest is also the deep downstrokes in the upper tracing 
from the normal lung. There is only an indication of such downstrokes in the 


Fig. 6. 


lower tracing. These downstrokes represent bouts of coughing, and it is quite evident 
from the records that the patient is only coughing with her sound lung. The same 
thing has been observed in a large number of cases, and it would seem to be a 


universal phenomenon, 


ed 
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CasE 5.—I. W., born 1911. Taken ill in 1932, with left-sided apical affection. 
Was treated on conservative lines till Jan., 1934, when pneumothorax was induced. 
Discharged improved in Oct., 1934. In April, 1935, right apex affected with 
cavernous formations. The left-sided pneumothorax was released, In May, 1935, an 
attempt was made to induce pneumothorax on the right side that failed. 

On Feb. 27, 1935, general condition good; with respect to the lung condition, 
the radiogram shows the left lung considerably shrunken and surrounded by a 2 to 
3 em. thick fibrous pleural infiltration, also covering the parenchyma. Streaky 
shadows in the parenchyma. On the right side shrinking of the uppermost part of 
lung with well-marked upward displacement of the hilus. In the top part of lung 
there are a few cavitations, the size of cherries, or smaller. Sputum 10 to 15 c.c. 
Tubercle bacilli +. 


BRONCHOSPIROMETRY (FEB. 27, 1936) 


ETRY LUNG LUNG LUNGS |TOTAL VALUE | TOTAL VALUE 


O,-intake/min. 196.9 206.3 74.1 280.4 73.6 
CO,-output/min. 159.5 187.4 54.5 241.8 77.5 
Ventilation/min. 5295 3375 1555 4935 68.5 
Vital capacity 2145 1445 560 2005 72.2 


SPIROM- | RIGHT | LEFT | R+L s IN % OF | L. IN % OF 


In this ease where one had tried to induce pneumothorax on the right side but 
failed, the question arose whether one would dare to make a plastic operation over 
the right apex as the sputum very likely originated here. The vital capacity was 
only 2,145 ¢.e., wherefore it was of importance to learn how much the patient was 
breathing with the left lung, embedded as it was in fibrotic layers. 

The outcome of this examination was that there is much better function of the 
left lung than could be expected. More than one-fourth of the respiration falls 
to the lot of this lung. On this account, I felt that one should try a plastic opera- 
tion on the right apex, which was duly carried out. The examination here had a 


directly practical aim. 


Case 6.—M. M. S., born 1920. In good health till middle of May, 1936. Patient 
then got a temperature of 39.2° C., without any previous cold, throat affection, 
or other sickness; she coughed for a few days. Her fever has since continued un- 
interruptedly, about 38.5° C. in the morning and about 37.8° C. in the evening. 

Admitted to hospital, June 18, 1936. General condition good. Roentgen examina- 
tion: outside the trachea on the right side there was a tumor of the soft parts with 
polycyclic limitation bulging into the pulmonary area. In addition there were in 
the hilum, best seen in a lateral picture, rounded enlarged glands the size of plums. 
No opacities in the parenchyma. The roentgen examination gave evidence of en- 
larged glands in mediastinum and hilum (Figs. 7 and 8, Chart 7). 


BRONCHOSPIROMETRY (JUNE 17, 1936) 


SPIROM- | RIGHT LEFT R+L | R. IN % OF | L. IN % OF 


ETRY LUNG LUNG LUNGS /TOTAL VALUE | TOTAL VALUE 


O,-intake/min. 204.2 98.0 141.3 239.3 41.0 59.0 
CO,-output/min. 185.0 99.5 94,1 193.6 51.4 48.6 
Ventilation/min. 6585 2640 2435 5075 52.0 48.0 
Vital capacity 2755 1185 1065 2255 52.6 47.4 


Comments.—From the viewpoint of bronchospirometry this case is both interest- 
ing and difficult to interpret. Anatomically there is only a middle-sized glandular 
enlargement in the right hilum without any signs of parenchymatous changes or, 
so far as vascular conditions are concerned, either stasis or the contrary. Bron- 
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chospirometry shows perfectly normal apportioning of ventilation, CO,-output and 
vital capacity to the two lungs, thus 51 to 52 per cent for the right and 48 to 49 
per cent for the left lung. The O,-intake, on the other hand, we find decidedly 
reduced in the right lung, 41 per cent, thus 10 per cent less than normal. It is 
not easy to explain this. There is no sign of obstruction of the air-channels, either 
clinically or roentgenologically. The explanation I would suggest as the most likely 
is that the enlargement of the lymph node had caused a restriction of the arterial 
flow to the lung. It would seem that this could give rise to a lessened intake of O, 
without the readily diffusible CO, being excreted in reduced amounts. Naturally 
this view needs the confirmation of further observations of a similar kind. 


CasE 7.—L., aged thirty-eight years. In 1924 patient had a prolonged attack 
of pneumonia, after which she never became very well again; in bed since the 
spring of 1933. 


Fig. 7. 


Admitted Nov. 7, 1933. General condition impaired. Tubercle bacilli +. Audible 
changes in the upper lobes of both sides, mostly on the right. The changes are also 
well in evidence on the radiogram which shows a shrinking process in the right apex, 
with numerous cavities in its upper half. Its lower half is well aerated and the 
seat of small nodules. The left lung shows apical shrinking and mottled infiltration. 
On bronchoscopy all the coarser bronchi were found to be slightly dilated. 


BRONCHOSPIROMETRY (Noy. 11, 1933) 


SPIROM- | RIGHT LEFT R+L |R.IN % OF | L. IN % OF 
ETRY LUNG LUNG LUNGS /TOTAL VALUE |TOTAL VALUE 


O,-intake/min. 207.0 21.0 265.8 286.8 7.0 92.0 
CO,-output/min. 170.5 34.9 188.0 222.9 22.7 ata 
Ventilation/min. 7390 1955 5485 7440 26.3 73.7 


Vital capacity 2230 490 1415 1905 25.7 74.3 
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The bronchospirometry in this case showed a very much worse function of the 
right lung than one had reason to expect from the radiogram. Ventilation, CO,-out- 
put, and vital capacity showed much greater values for the right lung. This dif- 
ference is probably explained in the first place by the cavernous process in the upper 
part of the lung. <A large quantity of air is passing in and out without getting 
oxygenated, while carbon dioxide is well able to discharge itself. Secondly, the dif- 
ference may be caused by a local emphysema in the lower part of the right lung. 
To what extent the one or the other factor may be a contributive cause is probably 
impossible to say. On the whole, bronchospirometry in this case has given evidence 
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Chart 7. 


Chart 8. 


of a functionally much worse lung than one had reason to expect from the roentgen 
examination, The indications for doing thoracoplasty on this side have been de- 
cidedly strengthened. 


Case 8.—G. F., aged thirty-one years. Left lung affected 1925. In the spring 
1926 widespread changes in both lungs. Treated at sanatorium for eighteen months, 
during which period he got rid of symptoms. Subjectively well till the summer of 
1933, when coughing and sputum reappeared, roughly 20 to 30 ¢.c. daily. In Sept., 
1935, his general condition was satisfactory with subfebrile temperature. Sputum 
10 to 15 ¢.c. per day. Tubercle bacilli +. There was medium dullness over the upper 
half of left lung, gradually clearing up downward. Numerous rales of all kinds 
over both lungs, most over the left, 
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On roentgen examination (Fig. 10) the left diaphragm showed smaller excursions. 


Left lung shrunken with displacement of heart and mediastinum. Numerous linear 


shadows in the parenchyma and in the middle of it there were cavities visible, ranging 


Chart 9. 


to the size of walnuts; the lung was otherwise well aerated. Numerous calcifications 
in right lung. On comparison with radiograms from 1926, the pathologie changes 


in the right lung were found to have healed up, while those in the left lung gave 
evidence of progression (Chart 9), 
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BRONCHOSPIROMETRY (OcT., 1935) 


SPIROM- | RIGHT LEFT R+L |R. IN % OF | L. IN % OF 
ETRY LUNG LUNG LUNGS |TOTAL VALUE |TOTAL VALUE 

O,-intake/min. 280.5 321.2 24.5 345.7 92.9 (fi 
CO,-output/min. 
Ventilation/min. 5905 7090 355 7445 95.2 4.8 
Vital capacity 2815 1780 455 2225 80.0 20.0 


In this case the question arose whether a total thoracoplasty could be carried out 
on the left side. Bronchospirometry showed the respiration in the left lung to be 
considerably reduced. The O,-intake was only 7.1 per cent. In fact it was even 
much worse than one had reason to expect from the radiogram. The CO,-output could 


Fig. 11. 


not be determined on account of leakage of the rubber cap at the end of examination. 
Suspicion arose as to the possibility of bronchostenosis. Patient was operated upon 
with thoracoplasty, but tuberculous pneumonia developed over the right base which 
proved fatal. No bronchostenosis as was expected in the left lung was found at 
autopsy. The bronchi, on the other hand, were wide and uncommonly rigid. 


No small number of patients have been tested by bronchospirometry 
in the course of treatment by pneumothorax. Even if generally speak- 
ing there is satisfactory correlation between the radiographic appear- 
ance and the function of the lung, deviations are nevertheless fairly 
common. Below, two eases will be described representing extreme in- 
stances of what may be met with. 
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Case 9.—K. R. K., male aged thirty years. Taken ill in June, 1933, with right- 
sided tuberculosis. Pneumothorax induced on right side. Exudate. Sept., 1933, 
condition aggravated with early tuberculosis of left lung. In the course of the 
following months the patient was treated with bilateral pneumothorax, with the result 
of general improvement. At the end of the year there was again a worse condition 
with increased effusion on the right side. The pneumothorax treatment had to be 
given up on the right side and the lung expanded. During 1934 general condition 
satisfactory. At the end of that year the state of the lung was, according to the 
roentgen examination, as follows: Middle-sized pneumothorax on the left side with 
a lesser exudate as high as the fifth rib. The lower parts were rather fibrous with 
a moderate amount of air, the upper part showed normal almost emphysematous 
tissue. In the upper part of the right lung an active process is now going on with 
extensive infiltration and obvious liquefaction (Fig. 11). 
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Chart 10. 


Since pneumothorax over the right lung was now impossible, the question of 
plastic operation was raised. The function of the pneumothorax lung must here 
play a decisive part (Chart 10). 


BRONCHOSPIROMETRY 


SPIROM- RIGHT LEFT R+L R. IN % OF | L. IN % OF 
ETRY LUNG LUNG LUNGS |TOTAL VALUE |TOTAL VALUE 


O,-intake/min. 214.5 164.7 112.9 227.6 59.3 40.7 
CO,-output/min. 176.0 148.3 117.8 265.6 55.8 44.2 
Ventilation/min. 6190 4625 3325 7945 58.2 41.8 
Vital capacity 1990 1145 670 1815 63.1 36.9 


The surprising outcome of this test thus was that the pneumothorax lung managed 
40.7 per cent of the whole O,-intake. Since on ordinary spirometry the vital capacity 
amounted to about two liters, there were sufficient grounds for doing a plastic 
operation over the right apex. The patient refused at first, and it was only in 
April, 1935 when the right lung had grown still worse that thoracoplasty over the 
apex was performed. Patient stood the operation well, and there was a decided 
improvement for a short time; it was impossible, however, to hinder the progress of 
the disease. 

There is no doubt that operation in this case was the only chance of bringing 
about an improvement, but, on the other hand, I feel confident that no surgeon 
would have dared to undertake it unless he had known that the pneumothorax lung 
possessed the good function as evidenced by the bronchospirometric test. The prac- 
tical utility of the test is beyond doubt. 
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Case 10.—I. B., born 1909. Left-sided affection at the beginning of 1934. In 
July, 1934, admitted at sanatorium where left-sided pneumothorax was induced. 
A pleuritic effusion had developed wherefore it was possible to attain a pneumo- 
thorax limited to only the anterior parts. On examination in Feb., 1936, the general 
condition was found to be good. Roentgen examination showed partial pneumo- 
thorax on the left side. Heart and mediastinum were drawn over to the left. The 
pneumothorax was located in front, the whole posterior part of the lung being broadly 
adherent. In the lung were numerous small well-localized shadows alternate with 
aerated parts. Opposite the second rib there was a cavity measuring 5 cm, in diameter 
(Fig. 12, Chart 11). 


Fig. 12. 


On bronchospirometry the left main bronchus was seen to be filled up with red 
granulations, leaving but a very small lumen free. The breathing caused the lumen 
off and on to be filled up with secretion. 


BRONCHOSPIROMETRY (FEB. 24, 1936) 


SPIROM- | RIGHT LEFT R+L | R. IN % OF | L.IN % OF 
ETRY LUNG LUNG LUNGS |TOTAL VALUE|TOTAL VALUE 
O,-intake/min. 214.3 277.7 0 100 0 
CO,-output/min. 162.2 205.6 16.8 222.4 92.4 7.6 
Ventilation/min. 6115 6955 
Vital capacity 1910 1140 55 1195 95.4 4.6 


The lung holds, however, as observed on the radiogram, a fairly great amount of 
air, yet the respiration is equal to 0. 


This is undoubtedly a case where the roentgen examination deceives 
us as to the function of the lung, this being much worse than it ap- 
pears to be. In our view the cause of this is to be found in the stenosis 
of the left main bronchus, as observed by the bronchoseope. The 
indication of complete thoracoplasty has undoubtedly been greatly en- 
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haneed by the examination. Even if in this case the stenosis is partly 
due to accumulation of secretion, we have repeatedly come across cases 
of bronchial stenosis where at a certain stage the lung contained air 
but functioned very badly or not at all. The bronchospirometric test 
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in these two cases of pneumothorax shows how enormously the function 
may vary in spite of the fact that the lungs on roentgen examination 
do not show very great differences and that the one with the worst 
function proves to be the better aerated. Dr. Bjérkman has made a 
special study of the function of the pneumothorax lung under different 
conditions, the most important results of which are as follows: In 
a number of pneumothorax cases Bjorkman carried out insufflations 
while bronchospirometry was going on, and he found in some eases that 
of the insufflated air a quantity only up to 4% leads to immediately in- 
creased collapse and diminished function of the lung, while 4 causes 
distention of the chest wall and displacement of the mediastinum. 
Naturally this must vary according to the rigidity of the chest wall 
and mediastinum. This is a surprising finding in the light of our 


Fig. 13. 


experience of roentgen screening before and after insufflation. One 
could also observe in these experiments how during insufflation the respi- 
ration and the vital capacity diminished, not only in the affected lung 
but also to some extent in the healthy one through displacement of the 
mediastinum; this is a factor of decided interest in the light of our 
knowledge that a pneumothorax treatment may have a beneficial effect 
upon changes in the healthy lung. Other factors may of course also have 
their share. These experiments have also brought to light that neither 
from a roentgen appearance nor from the magnitude of a pleuritic 
pressure can any conclusions be drawn regarding the function of a 
pneumothorax lung, and, as has been earlier mentioned, that a pneumo- 
thorax lung may be well aerated without any useful function being 
found. 
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In the group of three cases to follow I have examined the patient 
before and after thoracoplasty. 


Case 11.—A. L. E., female, aged twenty years. In 1930 right-sided pneumonia 
on tuberculous basis. Treated at sanatorium 1930 to 1932, with right-sided pneumo- 
thorax for eighteen months. Then well till the spring of 1933 when she had a 
recurrence. Admitted in 1935 for plastic operation. General condition rather bad. 
Marked dullness and impaired breathing over lower half of right lung. Pus on ex- 
ploratory puncture. On roentgen examination, well-marked shrinking and infiltration 
of right lung; in its upper part a large cavity (Fig. 13); lower part of lung very 
airless. In Oct. and Nov., 1933, complete thoracoplasty was carried out. Broncho- 
spirometry was carried out three times before and after the operation, as also in 
July, 1936, thus nearly three years after the operation (Fig. 14). 


I. BRONCHOSPIROMETRY (OcT. 17, 1933) 


SPIROM- 
ETRY 
10/14/33 
O,-intake/min. 187.5 3.1 228.9 232.0 1.3 98.7 
CO,-output/min. 155 12.5 170.4 182.9 9.3 90.7 
Ventilation/min. 5990 590 5635 6225 9.5 90.5 
Vital capacity 1345 90 1170 1260 - 7.1 92.9 


RIGHT LEFT R+L | R.IN % OF | L. IN % OF 
LUNG LUNG LUNGS | TOTAL VALUE /TOTAL VALUE 


II. BRONCHOSPIROMETRY (Dec. 20, 1933) 


yong RIGHT LEFT R+L | R. IN % OF | L. IN % OF 

12/18/33| LONG LUNG LUNGS | TOTAL VALUE | TOTAL VALUE 
O,-intake/min. 178.0 0 230.1 
CO,-output/min. 141.2 8.8 148.9 
Ventilation/min. ~ | 6580 110 5120 
Vital capacity 1095 10 980 


IIT. BRONCHOSPIROMETRY (JULY 10, 1936) 


geno RIGHT LEFT R+L | R. IN % OF | L. IN % OF 
LUNG LUNG LUNGS /TOTAL VALUE | TOTAL VALUE 
7/7/36 
O,-intake/min. 182.3 5.5 241.9 247.4 2.2 97.8 
CO,-output/min. 137.9 25.6 196.3 221.9 11.5 88.5 
Ventilation/min. 5300 735 6225 6965 10.6 89.4 
Vital capacity 1195 60 910 975 6.2 93.8 


In the course of these three years the patient’s general condition improved con- 
siderably. On roentgen examination conditions were in the main unaltered and 
no visible sign of improvement of the right lung could be detected on the radiogram., 

This case is above all of theoretical interest since we had the opportunity of 
examining the patient immediately before operation, shortly afterwards, and, finally, 
we did a control examination nearly three years later. Prior to the operation there 
was a much reduced O,-intake (1.3 per cent) and slight ventilation, 9.5 per cent, 
of the diseased lung. Immediately afterwards, the O,-intake fell to 0 and the 
- ventilation to 2.1 per cent. After three years, we find again there is a slight 
O,-intake (2.2 per cent) and that the ventilation has risen to 10.6 per cent. This 
shows that a thoracoplasty need not do away with the function forever but that 
even here a certain amount of restitution takes place; in this particular case, func- 
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tion was even better after the operation than before. In this respect I wish to refer 
to Case 12 where there is reason to assume such marked improvement that it must 
be of practical importance. 

Finally it has been shown by this as well as by other cases that in thoracoplasty 
also the healthy lung diminishes in volume because of displacement of the 
mediastinum. 


Case 12.—O. N., aged thirty-one years, a medical man. In good health till 
Christmas 1925, when left-sided tuberculosis was found. Pneumothorax failed. On 
New Year 1929 left-sided thoracoplasty was carried out with resection of one to 
nine ribs. At the beginning of April, 1936, obstinate and irritable cough, with 
slight sputum. Tubercle bacilli +. May 29, 1935, general condition good. The 


Fig. 14. 


result of roentgen examination showed left-sided thoracoplasty. No visible infiltra- 
tions in left lung. In the supraclavicular fossa and the first intercostal space on 
the right side there were linear and mottled opacities, partly ill defined. In addi- 
tion there is seen behind a cavity projected over the anterior part of the first rib. 
On comparison with earlier radiograms there is obvious progression of the parenchym- 
atous opacities in the right lung since April, 1935. 


BRONCHOSPIROMETRY 


ETRY LUNG LUNG LUNGS |TOTAL VALUE | TOTAL VALUE 


O,-intake/min. 225.8 199.0 85.3 248.2 70.0 30.0 
CO,-output/min. 158.6 150.7 64.7 215.4 70.0 30.0 
Ventilation/min. 5445 4325 2050 6375 67.8 32.2 
Vital capacity 3350 1960 975 2935 66.7 33.3 


SPIROM- | RIGHT LEFT R +L | R. IN % OF | L. IN % OF 


We 
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Bronchospirometry was carried out in this case in order to find out to what 
extent the left lung, treated by thoracoplasty, took part in the respiration. The 
lung showed a surprisingly good function in that about 30 per cent of the respira- 
tion took place on this side. The function is so good that the question arises 
whether improvement has not taken place since the thoracoplasty was done, a ques- 
tion which is at present being more closely dealt with. Lastly, it stands to reason 
that pneumothorax is induced on the lung latest affected with much greater confidence 


4—4 


Tr 


T 


Chart 13. 


Chart 14. 


when we know how satisfactory respiration is in the plastic lung. The result of the 
bronchospirometry was indeed verified by the subsequent pneumothorax treatment in 
that fairly good collapse of the right lung could be maintained without causing any 
dyspnea. 

CasE 13.—O. F. B., born 1898. Was taken ill in 1925 with bilateral tuberculosis, 
mostly on the left side. Treated at the sanatorium for six months. Free from symp- 
toms and back at work till 1933, when there was a relapse. On examination there 


Ht 
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were changes on both sides and cavitations over right apex. On June 14 and July 
10, 1935 complete thoracoplasty was carried out including the tenth rib. Patient was 
subsequently treated at sanatorium. Condition at first improved with less sputum, 
after that aggravation; large cavity formed in the left apex. Admitted July 20, 
1936. General condition relatively good. As to the condition of lungs see radiograms. 
On right side complete thoracoplasty with marked collapse of upper part of lung 
but small cavitations, the size of cherries, still remaining. The lower part of the 
lung, on the other hand, has cleared up. In the left apex there is now a cavity 
measuring 6 cm. (Fig. 16). Bronchospirometry July 24. When the bronchoscope 
had been inserted for a few centimeters into the left main bronchus, one came 
across a bundle of bleeding granulations, apparently arising from the neighborhood 
of the origin of the bronchus of the upper lobe which were seen to occlude the 
lumen almost entirely. 

Very soon after the examination had begun, the patient’s condition became bad 
and the examination had to be interrupted. Patient afterwards developed an 


Fig. 15. 


enormous generalized subcutaneous emphysema which, however, cleared up after a 
week. The examination only permits us to estimate the tidal air, but this is much 
greater on the right thoracoplastic side than on the left side. A plastic operation 
of the left apex was, therefore, performed in two stages (Fig. 17). At the last 
operation pneumothorax arose spontaneously on the left side, but in spite of this the 
dyspnea did not become directly threatening to life during rest. Later pleural 
effusion which had to be drained now and then supervened. The apical cavity 
diminished considerably, but no decided improvement was obtained, mainly on ac- 
count of the impaired general condition. The very incomplete bronchospirometry 
in this case showed, however, that from a functional viewpoint the thoracoplastic 
lung was sufficiently satisfactory to permit an apical plastic operation on the other 
side and, further, that even complications from the pleura with still further restric- 
tion of the pulmonary function did not result in such severe complications as one 
had reason to expect. There is no doubt that the respiration was chiefly carried 
out by the lung on which the extensive thoracoplastic operation had been performed. 
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Fig. 16. 
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In the last case a preliminary phrenico-exairesis was carried out, for 
which reason the case is of interest. 


VV 


Chart 15. 


Case 14.—K. E., female, born 1903. Bilateral pleurisy in 1914. In 1921 
bilateral tuberculosis was detected with cavities on the left side. Patient was at 
sanatorium for treatment for nine months. In 1925 recurrence—four months at 
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Chart 16. 


sanatorium. Then free from symptoms till 1932, when recurrence again supervened. 
In Nov., 1934, phrenico-exairesis on the left side. Brief improvement, still sputum 
and bacilli. 

Oct. 15, 1935: General condition good. On physical examination marked dull- 
ness over the left lung apex. Bronchovesicular breathing with numerous rales. On 
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roentgen examination left diaphragm immobile and elevated. Left lung shrunk and 
hilus drawn upward toward the apex. The greater portion of the lung appeared 
aerated and the seat of streaky opacities. In the apex was a cavernous system; 
in the right lung, solitary streaky opacities (Fig. 18, Chart 16). 


BRONCHOSPIROMETRY 


SPIROM- | RIGHT LEFT R+L |R.IN % OF |L. IN % OF 
ETRY LUNG LUNG LUNGS | TOTAL VALUE VALUE 

O,-intake/min. 186.1 228.7 38.9 267.6 85.5 

CO,-output/min. 140.6 180.3 10.3 190.6 94.6 

Ventilation/min. 4230 6150 485 6635 92.7 

Vital capacity 1730 1225 300 1525 80.4 


In this case, too, the roentgen examination would lead one to expect a much 
better result of the respiration on the left side. Ventilation here is but 7.3 per cent. 
Whether this is due to the phrenico-exairesis or to the marked shrinkage of the apex 


Fig. 18. 


it is impossible to say. Another strange thing is the relationship between the O,- 
intake and the CO,-output. It is contrary to what is usually the case. The O,-intake 
is nearly three times as great as the CO,-output and twice as great as the ventilation. 
This is a phenomenon I have never met before, and it certainly needs explaining. For 
my own part, I have conceived the possibility that such a situation might arise when 
the lung parenchyma is relatively intact, the O,-intake is good, but the breathing 
limited, not through impeded air entry as in stenosed bronchi, but through peripheral 
shrinkage and phrenicoexairesis. 


Finally, I would like to touch upon a few problems which through 
bronchospirometry have become particularly elucidated. Coughing seems 
to me to be the simplest function to record during bronchospirometry. 
As has clearly been shown before, it is the healthy lung that brings about 
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the violent expiration which constitutes the cough. All according to its 
air content, the affected lung takes less share in the coughing or none at 
all (see Case 4). That is to say the lung that is most in need of emptying 
its secretion has the worst chance to do so. Since this became clear, I 
have often watched cases in which one of the lungs was severely affected 
and in which the patient was caught with troublesome fits of coughing. 
One could hear the mucus rattling in the bronchi. After intensive cough- 
ing for a while without result, it ceases. All evidence goes to show that 
in such eases the sputum is pushed back to the diseased lung instead of 
coming up. To get rid of the sputum in such eases, it must first pass 
the bifurcation before being brought up by coughing. 

A test that readily suggests itself is to compare the O,-intake with the 
CO,-output and the ventilation per unit time. This has also been done by 
Bjorkman. He thus found that the CO,-output and the ventilation 
follow one another very accurately, while the O,-intake fluctuates much 
more. In diseased processes the O,-intake is the first to suffer. It is, as 
it were, a more delicate process. 

The cases now demonstrated mainly show the difference between this 
functional test of each lung separately and other methods of examina- 
tion, in the first place then, roentgen examination. I have shown a few 
extreme cases where a far better or worse function of the affected lung 
was found than one was led to believe from the roentgen examination. 

The practical outcome of this is that by this method, when there is a 
question of operative interference for bilateral affections of the lung, 
we are able, in a manner different from former methods, to determine 
the function of a lung and to estimate the indications and contraindica- 
tions for operation. The method is also of importance for the magnitude 
of the operation to be performed. If cavernous changes are present in 
one part of the lung and the rest shows good function, this is in favor 
of our confining the operation as much as possible to the pathologie part 
of the lung. 
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THE EFFECT OF THORACOPLASTY ON THE PATHOLOGIC 
PHYSIOLOGY OF RESPIRATION* 


Nouan L. KALTREIDER, M.D., WALTER W. Fray, M.D., anp 
Epe@ar W. M.D.t+ 
Rocuester, N. Y. 


NTIL recently investigators have neglected the importance of respir- 
atory function in pulmonary tuberculosis and other respiratory 
disorders. Intensive research of the etiologic, immunologic, and patho- 
logic factors in such diseases has dwarfed the significance of altera- 
tions in the eardiorespiratory physiology. Likewise, comparatively little 
is known concerning the effects of such therapeutic procedures as 
pneumothorax, phrenicectomy, thoracoplasty, and lobectomy on the 
respiratory functions in cases of chronic respiratory infections. 

The purpose of this investigation is to study the abnormalities of the 
circulation and respiration produced by operative procedures on cases 
of pulmonary tuberculosis. Since we are primarily interested in the dis- 
turbed respiratory function rather than in the therapeutic efficacy of 
the procedures, we will stress and give in detail only the results of the 
various physiologic tests applied. Before the data are presented, it 
seems pertinent to review briefly our present knowledge of the effects 
of pulmonary tuberculosis on the cardiorespiratory system. 

During the course of pulmonary tuberculosis definite alterations in the 
capacity of the lungs oeeur. Hutchinson! first showed that the vital 
capacity was diminished in this infection, and that the reduction was 
more marked in advanced eases. Since that time numerous investiga- 
tors? have substantiated his findings. Some felt that the reduction in 
this eapacity paralleled the extent of the disease; others that no parallel- 
ism existed, and still others that there was a close relationship between 
the degree of activity of the tuberculous lesions and the lowering of the 
vital capacity. It appears that the determination of the vital capacity 
in cases of pulmonary tuberculosis is of value in estimating respiratory 
efficiency, but is of even greater importance when the actual value at- 
tained is expressed as a percentage of the normal value for any particu- 
lar individual. 

Several investigators have measured not only the vital capacity of the 
lungs in pulmonary tuberculosis but also the residual air and other 
components of the pulmonary capacity. Gravin and others? found in 
early cases that the total capacity was normal, although the vital capacity 


*From the Departments of Medicine and Surgery, the School of Medicine and 
Dentistry, University of Rochester, and the —— Clinic of the Strong Memorial 
and Rochester Municipal Hospitals, Rochester, N. Y. 

Read before the _——— Annual Meeting of the “American Association for Thoracic 
Surgery at Saranac Lake, N. Y., May 31, June 1, 2, 1937. 

7Dr. Phillips died sees eg this investigation was in progress. 
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was reduced and that there was an increase in the residual volume. In 
moderate and advanced tuberculosis it was demonstrated that both the 
total and vital capacities were reduced, while the volume of the residual 
air was that of the predicted. Anthony,® using a different method for 
the determination of the normal capacity (functional residual air, mid- 
capacity, or subtidal volume), found the total and vital capacities re- 
duced in such infections, while the residual air was normal except in 
severe cases where it. was slightly increased. 

Recently several authors have maintained that the utilization of 
oxygen by an individual is a far superior test of respiratory function 
than that of measuring the partitions of the air in the lungs. Anthony® 
has proposed as a test of pulmonary function the ‘‘ ventilation equivalent 
for oxygen.’’ Applying this equivalent to cases of pulmonary tubercu- 
losis, he found that the values were within normal limits. A few years 
later Moncrieff,’® in a study of 86 cases of chronic pulmonary disease of 
which 38 had pulmonary tuberculosis, found no close correlation between 
the ‘‘ventilation equivalent for oxygen’”’ and the clinical condition of the 
patient. 

Several investigators have sought to measure respiratory function 
in cases of pulmonary tuberculosis by obtaining their ventilatory re- 
sponse during physical exertion. Brieger™ found that such patients had 
a much higher pulmonary ventilation and oxygen consumption during 
standard exercises than did normal subjects. Riittgers'? showed that the 
recovery period (oxygen debt) for a given performance in patients 
with pulmonary tuberculosis was usually over fifteen minutes in contrast 
to normal subjects in whom it was found to be between three and five 
minutes. On the other hand, Bluhm™ demonstrated that there may be 
rather pronounced lesions in treated pulmonary tuberculosis with a 
normal oxygen debt. He believes that the oxygen debt provides no 
insight into the tuberculous process, but that it gives information as to 
whether the existing parenchyma is adequate for good ventilation. In 
other words, it is a test of pulmonary reserve. 

Another line of investigation that has been pursued in patients with 
tuberculosis of the lungs, in the attempt to study the respiratory fune- 
tion, is the disturbances in hemorespiratory exchange. Analyses of the 
arterial blood for its oxygen content and capacity will furnish data econ- 
cerning the relationship between blood flow through the lungs and its 
contact with the respiratory gases. Meakins and Davies,’* studying 5 
patients with early tuberculous lesions at the apices, found no abnor- 
malities in the gaseous content of the arterial blood. In 6 cases with 
extensive lesions, 4 showed no abnormalities, while in 2 instances there 
was a low saturation of the blood with oxygen, associated with a high 
content of CO,. Hilton’s'® observations support those of the above in- 
vestigators. The oxygen saturation of the arterial blood was found to 
be normal in 7 eases of unilateral tuberculosis and in 2 eases of bilateral 


‘ 


264 THE JOURNAL OF THORACIC SURGERY 


involvement. On the other hand, Pomplun’® found that the oxygen 
saturation was decreased and the carbon dioxide content increased in 
moderate and severe cases of pulmonary tuberculosis. Le Blane,’ study- 
ing a large group of patients with advanced tuberculosis, found lower- 
ing of the oxygen saturation in many cases, while in others it was normal. 
The latter he ascribed to hyperventilation. Kroetz’* and Ebina’ con- 
firmed Le Blane’s observations. 

By determination of the cardiac output it is possible to investigate 
the blood circulation through the lungs. Bluhm," employing the 
acetylene method devised by Grollman, found that in 15 patients with 
untreated tuberculosis of the lungs, the minute volume, utilization and 
stroke volume were normal. The utilization was somewhat increased 
in 1 patient with more severe pulmonary involvement. 

Observations on the respiratory physiology in cases of pulmonary 
tuberculosis treated by thoracoplasty are relatively few. Graham*° 
pointed out that extensive thoracoplasties resulted in a permanent 
marked decrease in the vital capacity. Myers® studied 1 case before and 
after thoracoplasty, and observed that the vital capacity was reduced 
from 1.2 to 0.8 liters. In another case, following the operative pro- 
cedure, he found the vital capacity to be 1.4 liters or 45 per cent of the 
normal value. Bluhm** demonstrated that, when the vital capacity ap- 
proximated the predicted values before the operation, it was markedly 
reduced afterwards; but when there was a moderate reduction of this 
capacity beforehand the operative intervention caused a less marked re- 
duction. He ascribed the reduction of this capacity to the immobiliza- 
tion of the chest. 

Recently McIntosh”! measured the pulmonary capacity in 15 eases of 
thoracoplasty. In five instances the determinations were made both 
before and after the operation. In the majority of cases the measure- 
ments were made within a few weeks of the operative procedure. Fol- 
lowing the operation, all the capacities were reduced, but the greatest 
reduction took place in the complementary and reserve volumes (vital 
functional residual air 

total capacity 
to be well above the normal values. In one ease the total capacity rose 
750 ¢.c. in a period of two years following operation. This he attributes 
to increased size of the contralateral lung. 

Lindskog and Friedman” investigated 3 cases of thoracoplasty after 
each stage of the operation. They found the most marked reduction 
in the subtidal volume (mideapacity) and the vital capacity after the 

mideapacity 
total capacity 


x 100 in all cases was found 


capacity). The ratio 


initial stage. The relative values for the ratios 


residual air 
total capacity 
spectively. 


x 100 were greatly elevated, viz., 62 and 50 per cent re- 


: = 
gee 


265 


PATHOLOGIC PHYSIOLOGY OF RESPIRATION 


KALTREIDER ET AL.: 


METHODS 


The methods and the course of the procedures during this investiga- 
tion were as follows: 

The patients came to the hospital in the morning several hours after 
breakfast. After a rest of thirty minutes, lying flat in bed, 5 cc. of 
venous blood were withdrawn from the antecubital vein without stasis 
and placed in a bottle containing 4 mg. of ammonium oxalate and 6 mg. 
of potassium oxalate. From this sample of blood the red cells were 
counted (the average value of 2 counts was used), the sedimentation 
rate, and volume of packed red cells were determined according to the 
technique of Wintrobe;** the viscosity was compared with that of water 
by means of the Hess viscometer, and the hemoglobin was determined by 
the oxygen capacity method. Without performing another venipune- 
ture, the syringe was removed and the Kaufman-Luer syringe along 
with manometer and reservoir filled with saline was attached to the 
needle. The venous pressure was then measured according to the tech- 
nique of Griffith, Chamberlain and Kitchell.** 

Using the same needle, 3 ¢.c. of sodium decholin were injected rapidly 
into the vein in order to determine the velocity of the blood.* The 
arm-to-tongue time was determined.”* Duplicate measurements were 
made in each patient. The venous pressure and velocity of blood flow 
were determined on both the right and left sides, except in those patients 
who developed symptoms from the drug or in patients who did not 
have large superficial veins. In 3 instances nausea followed the ad- 
ministration of sodium decholin, and in one instance there developed 
generalized urticaria and dyspnea. In 2 cases the determination of blood 
velocity was not made because a history of asthma was given.” 

Samples of blood were then obtained from the radial artery and 
stored over mercury. The container was kept in ice water until the 
analyses for the blood gases could be made. 

With the patient still in the reeumbent position, the total pulmonary 
capacity and its subdivisions were determined. The mideapacity (fune- 
tional residual air, or subtidal volume) was measured directly rather 
than the residual volume. The midcapacity was calculated according 
to the formula proposed by Christie’? and modified by Hurtado and 
others.**+ Duplicate determinations were made in each subject. The 
recent reports by Lassen and his coworkers?’ indicating that the con- 
centration of nitrogen in the alveolar air is lower than the nitrogen 


*The decholin-sodium used in this investigation was generously supplied by Reidel- 
de-Haen, Inc., New York. 
7The formula is: 


¥_(a-b) -8000 
79.1 -y 
where x = midcapacity in cubic centimeters; y = percentage of nitrogen in the 
spirometer at the end of the rebreathing period; a = oxygen in the spirometer at 
beginning of the experiment in cubic centimeters; b = oxygen absorbed during the 
— in cubic centimeters; and d = dead space of the apparatus in cubic centi- 
meters. 
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percentage in the spirometer at the end of the rebreathing period, led 
us to investigate this point in one of our patients, J. O. In four de- 
terminations of the mideapacity it was found that the nitrogen in the 
alveolar sample at the end of the rebreathing period was higher than 
(rather than lower) the nitrogen in the spirometer by from 0.42 to 1.7 
per cent. In this one instance more consistent values were found for 
the mideapacity, when it was determined by the method of Christie 
and Hurtado than by that of Lassen and his collaborators. By the 
former, the average value for this capacity was 1.80 liters, with extremes 
of 1.76 and 1.83 liters, while by the latter, the average value was 1.76 
liters, with extremes of 1.63 and 1.89 liters. This is not unexpected as 
it seems highly improbable that true alveolar samples can be consistently 
obtained in cases of thoracoplasty, when the average value for the re- 
serve air was only 230 ¢.c. Six determinations of the vital capacity 
were made in each ease. The highest value was assumed to be the correct 


one. 

Six male patients were subjected to standard work performances. 
This method has been recently described by Kaltreider and MeCann.*° 
The minute and tidal volumes and the respiratory rate were obtained 
during three periods; at rest, during five minutes of exercise, and three 
minutes of rest after the exercise. All of the patients performed 300 kg. 
meters per minute for five minutes. Because of the condition of the 


patients, it was believed to be inadvisable to determine the maximum 
ventilatory capacity. 

The technique of obtaining a doubly exposed roentgenogram of the 
chest, first at maximum expiration and immediately afterwards at maxi- 
mum inspiration, and the methods of measuring them are given else- 
where.*? *? 

The present study was made of 20 patients with pulmonary tubereu- 
losis on whom thoracoplastiec operations had been performed.* The 
physical characteristics of the patients are included in Table I. In 8 
cases the right lung was involved, while in the remaining 12 cases the 
left lung. Permanent phrenicectomy was performed in 13 and scaleni- 
otomy in 3 of the 20 patients. The extent of the resection of the ribs 
varied a great deal. Eleven of the patients had posterior thoracoplasty, 
with 7 or less ribs resected, 4 of whom had in addition anterolateral 
operations, while the remaining 9 patients had posterior thoracoplasty, 
with 11 ribs resected. At the time that the above physiologic tests were 
made, the duration of the thoracoplasty ranged from seven to one hun- 
dred and twenty-seven months. In 4 eases the sputum continued to 
contain tubercle bacilli. 

In an attempt to discover whether or not thoracoplasty resulted in an 
increased tension in the lesser cireulation, careful examination of the 

*The operations were performed by the late Dr. Edgar W. Phillips at the Iola 


Sanatorium, Rochester, N. Y. We are greatly indebted to Dr. Ezra Bridge and his 
staff for their cooperation during this investigation. 
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Plate 1.—Outlines of doubly exposed roentgenograms of the chest to show movements 
of the diaphragms and expansion of the chest cage in cases of thoracoplasty. 
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chest was made in each ease. In addition, electrocardiograms and 
roentgenograms were obtained. The systolic blood pressure ranged from 
108 to 144 mm. of mercury, and the diastolic from 70 to 100. Because 
of the compressed lung, the ecardiae border could not be satisfactorily 


Plate 2.—Roentgenograms of the chest in cases of thoracoplasty. These correspond to 
the tracings reproduced in Plate 1. 


outlined by percussion. The cardiae rhythm was regular in every in- 
stanee. In general the heart sounds were well heard, and the first sound 
over the mitral area was usually slightly accentuated. At the base the 
second pulmonic sound was, in the majority of instances, louder than the 
corresponding sound over the aortic area. Systolic murmurs were heard 
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in 2 cases; in one instance over the mitral area and in another over 
the pulmonic. There were no audible diastolic murmurs. 

The electrocardiographie tracings were normal in 13 eases. The trae- 
ings indicated right axis deviation in 4 instances, in all of which the 
operative procedure was performed on the left side, and in each case 
the heart was shown by the roentgenograms to be displaced toward the 
left. In 2 eases (C. K. and C. A.) there was evidence of left axis devia- 
tion, and in 2 instances (G. K. and C. A.) evidence of myocardial 
damage. Due to shifting of the heart and scoliosis, it was not possible 
to determine from the roentgenograms whether or not the right ven- 
tricle was enlarged. Likewise, axis deviation of the heart was not re- 
garded as a criterion of right ventricular hypertrophy in such eases. 

Physical examination of the lungs gave rather bizarre findings. The 
expansion of the chest was greatly limited on the affected side, and in 
those eases in which all the ribs had been resected there was no expan- 
sion. Over the collapsed side, the percussion note was greatly im- 
paired, and the breath sounds in the majority of instances were bron- 
chial in type, associated with a few fine rales. 

During fluoroscopic examination of the chest paradoxical movements 
of the diaphragm on the unaffected side were noticed in 2 instances 
(C. A. and C. B.). In one of these (C. A.) and in another ease (E. W.) 
the diaphragm on the unaffected side moved paradoxically in the re- 
clining position (Plate 1). All three of these patients had permanent 
phrenicectomy. The heart was shifted toward the affected side in 10 
patients, toward the contralateral side in 2, while in 8 instances no dis- 
placement could be detected. In all but 5 patients some degree of 
scoliosis of the spine was observed. 


RESULTS 


Pulmonary Capacity—tThe results of the measurements of the pul- 
monary capacity in cases of thoracoplasty are given in detail in Fig. 1. 
As a group there was marked reduction in both the total and vital ea- 
pacities. In the men the average total capacity was 3.2 liters, or 56 
per cent, of the average value for a group of normal men, while the 
average value for the vital capacity was 2.0 liters, or 45 per cent, of the 
normal value. Similar reductions were found in the women. The aver- 
age value for the total capacity was 2.17 liters, or 52 per cent, of the 
normal and for the vital capacity 1.3 liters, or 41 per cent, of the normal. 
In both groups the vital capacity was slightly higher in the sitting than 
in the lying position. The volume of the mideapacity was only moder- 
ately reduced both in the men and women, the values being 68 and 59 
per cent of the normal values, respectively. The residual air was dimin- 
ished the least, since it was 88 per cent of the normal value for the 
men and 80 per cent for the women. 
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The fact that the total and vital capacities are more greatly reduced 
than the mideapacity and residual air is reflected in their relative values. 
mideapacity 
total capacity 
48 for the women, which are 9 and 6 per cent, respectively, higher than 
normal. The ratio _seeien’ ait atx 100 was abnormally high in half of 

total capacity 

the male subjects and in 70 per cent of the females. The average value 
for this ratio was 36 per cent in the former group and 40 per cent in 
the latter. The values for these ratios are somewhat smaller than those 
reported by MeIntosh?! and Lindskog and Friedman.”* These investi- 


The average value for the ratio x 100 was 45 for men and 
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Fig. 1.—Predicted and observed values for the pulmonary capacity in cases of 
pulmonary tuberculosis treated by thoracoplasty. Each case is represented by 2 
columns. The column on the left with broken lines designates the predicted values, 
while the right hand one, the observed values. The whole column signifies the total 
capacity ; the black area, the residual air; while the white area, the vital capacity. 
The horizontal line separating the vital capacity is the midcapacity level. The vital 
capacity is predicted from the standing body height in each individual. 
gators determined the pulmonary capacity shortly after operation, at 
which time the vital capacity was especially reduced because of pain 
and weakness of the respiratory muscles. In our patients the measure- 
ments were made many months after operation, at a time when the 
vital capacity was less affected by pain and weakness. Once the acute 
reactions to the operative procedures have subsided, truer values of the 
partitioning of the total capacity are to be expected. 

Of the components of the vital capacity there was a greater reduction 
in the reserve air than in the complementary. In other words, it was 
more difficult for the patients to reduce the size of their chests to reach 


the residual level than it was to expand them. 
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The influence of posture on the pulmonary capacity in cases of thora. 
coplasty is similar to, though somewhat less marked than in normal in- 
dividuals** (Fig. 2), i.e., on changing from sitting to the recumbent 
position, the total, vital and mideapacities, and the residual and reserve 
volumes were reduced, while the complementary air increased. 

Comparison of the Observed and Predicted Values of the Pulmonary 
Capacity.—Obviously the prediction of the vital capacity from the chest 
size in eases of thoracoplasty will not give the correct volume for any 
particular individual before operation. In order to show the percentage 
reduction of the pulmonary capacity by such a procedure, we have 
utilized the fact that there was in normal subjects a fairly high correla- 
tion between the vital capacity and the standing height. Applying the 
regression formula, derived from the correlation coefficient of body 
height and vital capacity, one may predict the vital capacity within + 20 


LITERS" M.B. 
3 


2 


SITTING LYING SITTING LYING 


RESIDUAL AIR 
| 
TOTAL CAPACITY * !00% 


MID CAPACITY 
TOTAL CAPACITY * !00%% 48 40 56 i 


Fig. 2.—Influence of posture on the pulmonary capacity in 2 cases with thoracoplasty. 


per cent. The predicted and observed values are given for each individ- 
ual in Fig. 1. It was found that thoracoplasty, on the average, reduced 
the total capacity to 54 per cent of the predicted values. The vital 
capacity was somewhat more diminished, 44 per cent of the normal 
value; while for the mideapacity and the residual volume the percentage 
was 62 and 83 per cent, respectively (Table II). There was a greater 
reduction of the pulmonary capacity in the females than in the males. 
Individuais with thoracoplasty on the left side showed greater re- 
duction in the pulmonary capacity than did those with it on the 
right side. This was probably due to the fact that the left side was 
resected more often, and that the degree of resection was greater than 
on the right side. The individuals who had permanent phrenicectomy 
showed a much greater reduction in the total and vital capacities than 
those with the phrenic nerve intact. Likewise, the greater the extent 
of resection the more marked was the decrease in the capacity of the 
lungs. 
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There was a definite relationship between the decrease in the vital 

capacity and the increase in the ratio seer a*. x 100 and the fa- 
total capacity 

cility with which dyspnea was produced. The average vital capacity 
of individuals who developed dyspnea on severe exertion was 68 per cent 
of the predicted value; of those who developed shortness of breath 
on moderate exertion, 43 per cent; while of those who developed dysp- 
nea on slight exertion it was 36 per cent. The values for the ratio 

residual air 
total capacity 
respectively. 

Two patients (M. B. and C. K.) were studied both before and approxi- 
mately three years after the operative procedure. In the first (M. B.) 


x 100 for the three groups were 29, 38, and 42 per cent, 
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Fig. 3.—Measurements of the pulmonary capacity before and several years after 
thoracoplasty. 

the values for the pulmonary eapacity were almost identical before and 
after the procedure. Even though seven ribs were resected on the right, 
the pulmonary area of the roentgenogram was as large twenty-seven 
months after the operation as before. This would indicate that the 
remaining portions of the lungs enlarged. In the ease of C. K., the 
operative procedure caused a moderate reduction in the total and vital 
capacities and a slight diminution in the mideapacity, while the residual 
air was slightly increased. In the former case there was no change in 
the exercise tolerance, while in the latter dyspnea was more easily pro- 
duced by exertion. The prediction of the normal capacity in these cases 
was made from the ‘‘radiological chest volume.’’ 

Roentgenographic Measurements.—Details of the roentgenographie 
measurements are presented in Table III. It is obvious that it is im- 
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possible to tell the degree of reduction in the size of the chest produced 
by rib resection from measurements made after the operation. On the 
other hand, definite conclusions can be drawn from the data at hand 
in regard to expansion of the chest measured roentgenographically. 
The results of these measurements may be compared with those pre- 
viously made on normal individuals. The excursion of the diaphragm 


TABLE II 


PULMONARY CAPACITY IN CASES OF THORACOPLASTY 


PER CENT OF PREDICTEDt 


x 100 


TOTAL CAPACITY 

VITAL CAPACITY 
MIDCAPACITY 
RESIDUAL AIR 
RESIDUAL AIR 100 
TOTAL CAPACITY 
MIDCAPACITY 100 
TOTAL CAPACITY 
COMPLEMENTARY AIR 
VITAL CAPACITY 


DYSPNEA* 


PER CENT | PER CENT | PER CENT 
71.2 67.1 67.6 
67.9 32. 62.4 82.4 
80.8 6 84.3 110.0 
73.3 38. 86.7 
54.5 6 72.7 90.5 
53.1 : 58.9 76.4 
57.6 A 67.1 80.1 
53.3 36. 71.2 103.0 
64.5 74.1 94.1 
58.0 82.3 112.0 
51.6 6 45.3 63.9 
37.7 36. 40.6 41.5 
43.4 5. 46.5 66.9 
46.5 61.0 90.6 
52.0 6 62.0 81.9 
60.0 70.4 92.1 
54.4 93.9 133.6 
48.0 37. 58.8 77.5 

41.3 32. 42.3 65.6 
37.4 36. 32.0 41.2 
56.5 34. 79.2 120.0 

33.6 37.4 51.8 
Average 47.3 : 59.1 83.1 
All Cases 53.6 x 62.4 83.0 
Males 56.0 i. 68.0 88.2 
Females 52.0 Ri 58.7 79.6 
Side Resected 
Left 50.7 3 58.1 77.6 
Right 57.8 - 68.8 91.2 
Phrenicectomy 
Yes 48.8 : 60.5 81.7 
No 62.4 2 67.3 85.6 
Ribs Resected 
1 to 7 60.5 5 71.0 91.6 
1 to 11 44.0 r 51.8 72.6 
*As obtained from history; +, dyspnea on severe exertion; ++ on moderate exer- 
tion; +++, on slight exertion. ' 
~Predicted from body height. 
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on the side of operation was greatly reduced, especially when the num- 
_ ber of ribs resected was great. Even on the opposite side there was con- 
siderable diminution in the excursion of this muscle. When the left 
side was resected, the average maximum excursion of the diaphragm 
on the right side was only 3.8 em. compared with the normal of 5 to 
6 em.; while when the right side was involved, the reduction on the left 
side was not quite so marked, 5.2 em. The decreased rotation of the 
ribs from maximum expiration to maximum inspiration substantiates 
the above findings. On the uninvolved side the average value for the 
rotation of the ribs was 13 degrees, compared with the normal of 22 
degrees, while on the operative side the angle of rotation was only 2 
degrees. The lateral expansion of the chest was also greatly reduced, 
viz., 1.2 em., the normal value being 3.3 em. Finally the ratio 
area at maximum expiration 
area at maximum inspiration 
of subjects. The average normal value for this ratio was 62 per cent, 
in contrast to the average value of 80 per cent in these patients. In- 
dividuals without phrenicectomy were able to expand their chests slightly 
better than those with the phrenic interrupted. 

The roentgenographic measurements which were made before and 
two years after the operative procedures are of interest. Both cases 
investigated had seven ribs resected. The reduction in the pulmonary 
area was very slight, and in one case (M. B.) the ‘‘radiological chest 
volume’’ remained the same while in the other (C. K.) there was a 
slight diminution, indicating that there was some enlargement of the 
remaining lung tissue, especially on the opposite side. The diminution 
in the expansion of the chest by the resection was very slight, as 
shown by the excursion of the diaphragm, rib rotation, and the ratio 
area at maximum expiration 0 
area at maximum inspiration 

Arterial Blood.—Samples of blood were obtained from the radial 
artery in 19 of the 20 cases. The results of the analyses are given in 
Table IV. The average value for the carbon dioxide content was 47.6 
volumes per cent, a value very close to that for normal individuals. The 
extremes were 38.6 and 51.3 volumes per cent. The average value for 
the oxygen content of the blood was 16.9 volumes per cent, which is 
definitely below the average normal value. The oxygen capacity of the 
blood was proportionately somewhat higher than the content, with an 
average value of 18.8 volumes per cent, resulting in a reduction of the 
saturation percentage from the average normal value of 95 to 90 per 
cent. The extremes were 85.8 and 95.1 per cent. In two patients (F. S. 
and G. F.) the arterial blood was normally saturated with oxygen. 
There appeared to be no definite relationship between the respiratory 
disability and the saturation of the arterial blood. For instance, case 
F. S., who was dyspneie only on severe exertion, had a saturation of 


x 100 was greatly increased in this group 
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95 per cent, while case G. F., who developed shortness of breath on 
slight exertion, had an almost equally high saturation, viz., 93.4 per cent. 

These results are similar to those recently reported by McIntosh,” who 
found that in only 2 instances out of 9 was the oxygen saturation above 
90 per cent. In addition, he found the carbon dioxide tension of the 
blood and alveolar air were within normal limits. 

Venous Blood.—Studies of the venous blood in eases of pulmonary 
tuberculosis treated by thoracoplasty showed no tendency toward poly- 
eythemia, even in the presence of low saturation of the arterial blood 
with oxygen. Several patients had a definite anemia which was prob- 
ably due to activity of the tuberculosis. The details are given in Table 
IV. The average values for the red blood cells, the hemoglobin, and the 
hematocrit were all below the average normal values. The size of the 
erythrocytes and the hemoglobin content were within normal limits. 
The viscosity of the blood was not increased. 

The sedimentation rate was corrected for the volume of packed red 
blood cells. If 9 mm. per hour for males and 20 for females are con- 
sidered the upper limits of normal, the sedimentation rate was increased 
in 6 of the 16 eases. This elevation was probably due to active pul- 
monary tuberculosis in all except one case (J. O.), who had evidence of 
chronic sinus infection. 

As Cutler** pointed out, this test is of special importance as a guide 
in patients treated by pneumothorax. This is equally true of cases of 
thoracoplasty when roentgenograms and physical signs are of little help. 

Venous Pressure and the Blood Velocity.—In an attempt to study the 
effects of thoracoplasty on the cardiovascular system, measurements of 
the venous pressure and the velocity of the blood flow were made. 
According to the method used in this investigation, the normal range 
for the venous pressure was found to be between 60 and 120 mm. of 
saline.2* The individual values are given in Table V. The average value 
for the group of cases with thoracoplasty was not abnormal, but rather 
high normal, viz., 79 mm. of saline on the right side and 94 on the 
left. The females had a slightly higher pressure than the males. The 
left side, on which the most extensive thoracoplasties were performed, 
showed a much higher value when the phrenic was destroyed than 
when it was intact. The average value for the venous pressure on the 
affected side was 82 mm. of saline, compared with 74 on the nonopera- 
tive side. In general, the greater the extent of the operative procedure 
the higher the pressure. 

These observations confirm those of Overholt and Pilcher*’ on ani- 
mals and patients. They found that when the operation was limited 
to the upper three or four ribs the normal preoperative venous pressure 
was not disturbed. When the resection was extended to more than 4 
ribs, the venous pressure was frequently disturbed on the operated side. 
The elevation of the pressure was found to occur on one side only, or 
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predominantly on the operated side. They concluded, and rightly so, 
that unilateral elevation of the venous pressure was of mechanical origin, 
and that it indicated cardiac insufficiency only when it was abnormally 
elevated on both sides. 

The average values for the blood velocity, determined by the injection 
of decholin, were 16.8 seconds on the right, and 18.1 seconds on the 
left, compared with the normal range of 10 and 16 seconds.?* The 


TABLE V 


VENOUS PRESSURE AND VELOCITY OF BLOOD FLOW 


VENOUS PRESSURE* BLOOD VELOCITY* 
RIGHT LEFT RIGHT LEFT 

MM. MM. SECONDS SECONDS 
94 
75 


24.4 
18.0 
10.5 


M. 
M. 
C. 
M. 
F. 
E. 
J. 
E. 
G. 
C. 
C. 
M. 
A. 
R. 
H. 
G. 
M. 
E. 


Averages 
All Cases 
Sex 
Males 82 
Females 104 
Phrenicectomy 
Yes 101 
No 77 
Ribs Resected 
to: 7 ¢ 72 
1 to 11 107 


*Values obtained on affected side are in italics. 


velocity of the blood was definitely delayed in 6 cases and rather rapid 
in 4 cases, 3 of which had extensive thoracoplastie operations. It is of 
interest that the rate was slower on the uninvolved side (19.1 seconds) 
than on the operated side (17.4 seconds). 

McIntosh,” measuring the blood velocity with decholin before and 
for several days after the operation, found that the circulation rate 
was temporarily decreased for several days after operation. 

Pulmonary Ventilation at Rest and During Exercise.—Recently Kal- 
treider and McCann*’ have shown that the degree of dyspnea in cases 
of pulmonary fibrosis and emphysema and heart disease can be measured 


72 = 
17.0 
80 98 - - oa 
24 52 28.8 23.5 ay 
97 21.9 20.6 
5 97 16.3 18.9 
62 90 17.8 
61 42 14.2 16.5 ; 
67 v4 10.0 
92 122 11.0 - 
67 110 11.5 12.0 a 
16.8 18.1 7 
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fairly accurately by obtaining the pulmonary ventilation at rest and 
during exercise. They found that dyspnea was proportional to the ex- 
total ventilation 
vital capacity 
In order to obtain an index of respiratory disability in these cases, the 
minute ventilation and respiratory rate were determined at rest in all 
cases, and during exercise in 6 of the males, who were able to ride a 
bicyele ergometer for five minutes. 

The observations during rest are presented in Table VI. The average 
minute ventilation per square meter of surface area was 4.2 liters, in 


, and inversely so to the pulmonary reserve. 


pression, 


TABLE VI 


PULMONARY VENTILATION A¥TER THORACOPLASTY (AT REST) 


MINUTE 
VENTILATION TIDAL RESPIRATORY | TIDAL VOLUME 
PER SQ. M. VOLUME RATE VITAL CAPACITY 
SURFACE AREA 
LITERS LITERS PER MINUTE PER CENT 
3.7 0.52 2 15.0 
3.5 0.37 18.7 
5.4 0.56 21.5 
3.4 0.59 29.3 
4.8 0.41 31.1 
‘ 0.46 30.3 
0.41 34.5 
0.52 18.9 
0.45 20.2 
0.47 20.9 
0.33 27.6 
0.41 31.6 
0.35 32.0 
0.39 19.4 
0.51 31.7 
0.35 29.3 
0.31 32.6 
0.41 37.6 
0.35 27.1 
0.35 23.1 


Average 4.2 0.43 27.0 


x 100 


M. B. 
M. K. 
M. H. 
E. W. 
E. M. 
C. R. 
A, 
M. E. 
AyD. 
Chak. 
R. W. 
H. S. 
M. G. 
E. F. 


contrast to normal men of 4.8 liters. The respiratory rate on the average 
was not increased, viz., 15 per minute, but in one case (M. E.) it was 
definitely elevated. The average tidal volume was somewhat low, viz., 
430 ¢.c., the normal value being 600 ¢.c. The average tidal volume con- 
stituted a much higher percentage of the vital capacity in cases of 
thoracoplasty than in normal subjects. In the former the average value 
was 27 per cent, compared with that of 12 per cent for the latter. 

It was possible in 6 cases (all males) to obtain the respiratory re- 
sponse to exercise. In Table VII the details are presented and the cases 
are arranged according to their disability, as estimated from their his- 
tories. The maximum minute ventilation was predicted in each case. 
In one case (J. O.) the maximum ventilatory capacity was measured by 
having the patient perform 600 kilogram-meters per minute for five 
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minutes. The ventilation per minute for the last one and one-half 
minutes of exercise was found to be 41 liters, compared with the pre- 
dicted value of 40 liters. From this one instance it appears that the 
predicted values do not deviate far from the observed ones. 

The work performance of these patients was definitely abnormal. 
During the fourth and fifth minutes of moderate physical exertion, pa- 
tients with thoracoplasty had on an average a higher minute ventilation 
per square meter of surface area and respiratory rate, but a smaller tidal 
volume than did the normal subjects. During moderate physical ac- 
tivity (300 kilogram-meters per minute for five minutes) the average 
total ventilation 

vital capacity 
pared with that of 32 for normal individuals. It was shown previously*° 


value for the expression, , was 75 for the patients, com- 


PER CENT LITERS 


100 r 
S q 
= 
80F 80F 
— 
| oF 
DYSPNEA 
EL 
38 
>= 4or MODERATE 40r 
= EXERTION 
= 20F 
= q REST q 
= 

ol ot 
T N 


N NORMALS (20 CASES) 
T THORACOPLASTY (6 CASES) 


Fig. 4.—The pulmonary reserve in normal individuals and in cases of thoracoplasty. 


that when this value reaches the vicinity of 51, subjects complain of 
dyspnea. All the patients except one (F. S.) complained of shortness 
of breath on performing this amount of work. Again as dyspnea was 
more easily provoked, the values for this expression increased. The 
values ranged from 43 in the instance of F. S., who developed breath- 
lessness only on severe exertion, to 105 in the case of E. F., who com- 
plained of dyspnea on slight exertion. 

Another equally good index for objectively measuring dyspnea is the 
pulmonary reserve. In normal individuals this reserve was found to 
be 63 liters. It is more convenient for comparative purposes to express 
minute ventilation 
maximum minute ventilation 
x 100) rather than in absolute values. Dyspnea appears when the aver- 


the pulmonary reserve in percentage (ratio 
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age value for this ratio is in the vicinity of 55 to 60 per cent. While 
performing 300 kilogram-meters per minute for five minutes, the average 
value of this ratio for the patients with thoracoplasty was 82 per cent, 
with extremes of 50 and 110 per cent, compared with the average normal 
value of 34, and extremes of 28 and 45 per cent. Here again there was 
a definite relationship between the ease with which dyspnea is pro- 
duced and the value for this ratio. 

The data are presented graphically in Fig. 4.. The reserve is given 
in absolute and relative values. The two left-hand columns show the 
relative values for 20 normal individuals and 6 eases of thoracoplasty. 
At rest the minute ventilation of normal individuals was 12 per cent 
of the maximum ventilatory capacity, while in the patients it was 22 
per cent. During moderate exertion the former utilized 34 per cent 
of the maximum ventilation and the latter 82 per cent. None of the 
normal individuals complained of dyspnea during the exercise, while 
the patients with thoracoplasty not only utilized all of their reserve 
without symptoms, but greatly encroached upon their symptomatic re- 
serve. One individual (E. F.) at the end of five minutes was extremely 
dyspneic. The absolute figures for the pulmonary reserve represented 
by the pair of right-hand columns show the same results. The pul- 
monary reserve in normal individuals was 64 liters and in eases of 
thoracoplasty 28 liters. During moderate exertion the normal individual 
still possessed a reserve of 47 liters, while those subjected to the opera- 
tive procedures had a reserve of only 5 liters. 

There are definite relationships between the various objective tests 
and the ease with which dyspnea is produced. As the degree of disa- 
total ventilation 

vital capacity 


bility inereases the values for the expression, 


minute ventilatic 
x 100 increase and the pulmonary 


ratio 


maximum minute ventilation 
reserve and vital capacity, expressed as percentage of the predicted 
values, diminish. 


DISCUSSION 


The results indicate that thoracoplasty produces a greater reduction 
in the vital capacity than is to be expected from the extent of lung 
tissue compressed. The vital capacity was reduced by 50 per cent 
in individuals with only 5, 6, or 7 ribs resected, while in those with 11 
ribs destroyed, the reduction in this capacity was somewhat greater, viz., 
35 per cent of the predicted value. Providing this procedure ean effect 
total collapse of one lung, not much more than a 50 per cent reduction 
should result. Similar reductions should be found in the mideapacity 
and residual volume. But this.was not the case, the mideapacity was 
found to be 62 per cent and the residual air 83 per cent of the predicted 
values, which indicate that either the remaining pulmonary parenchyma 
and the thorax increased in size or that the maximum expiratory level 
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(residual air) could not be reached, thereby encroaching upon the vital 
capacity. In contrast to these patients, the vital capacity was 57 and 
51 per cent of the predicted values in 2 cases with long-standing uni- 
lateral pneumothorax on the left side. The mideapacity and residual 
volume showed less marked reductions. 

The greater diminution of the vital capacity in eases of thoracoplasty 
in contrast to those with pneumothorax is due, we believe, to interfer- 
ence with the mechanies of respiration, as a result of resecting the chest 
wall. Following this type of operation, the ribs are again rejoined, 
resulting in an immobile mass of bony structure. That the operative 
side is fixed is well illustrated in Plate 1, where the expansion of the 
chest cage and the movements of the diaphragms are depicted by out- 
lining the chest at maximum inspiration and expiration. The normal 
chest is a unit, and any interference with the mobility of one side will 
be reflected on the contralateral side. Therefore, patients with thora- 
coplasty in contrast to those with pneumothorax cannot so effectively 
expand the chest to reach the maximum inspiratory level (reduction in 
the complementary air) or contract it to obtain the maximum expira- 
tory level (reduction in the reserve air). Since there is little or no 
interference with the diaphragm, the muscle of inspiration, the com- 
plementary is less affected than the reserve air. Normally the maximum 
expiratory level is reached by the muscles of expiration effecting con- 
traction of the chest and by the elastic recoil of the lungs. In eases of 
thoracoplasty the relatively weak expiratory muscles have little effect 
on the rigid chest wall, and, as will be shown below, the lungs are more 
rigid than normally. As a result the reserve air is not all expelled, and 
the residual volume is not proportionally decreased. Since the chest 
cage is not involved in pneumothorax, the complementary and reserve 
volumes are proportionally diminished. 

Pulmonary congestion of the contralateral lung is another factor 
which plays a réle in the alterations of the pulmonary capacity, both 
in patients with thoracoplasty and pneumothorax. When there is a 
demand for increased function of the lungs or portions of them, the 
reserve capacity of the pulmonary vascular bed is called upon by in- 
creasing the diameter of its capillaries and by opening of new channels 
temporarily closed.**° This leads to not only increased volume but to 
capillary congestion as well. Congestion of the lungs causes decreased 
pulmonary distensibility in heart disease. This was recently shown to 
be true also both in eases of thoracoplasty?! and pneumothorax.’ De- 
creased distensibility signifies that the lungs are more rigid than 
normally, and that for a given change of intrapleural pressure the 
volume of tidal air is less. Patients with thoracoplasty, in addition to 
already being hampered by a rather rigid thorax and weakened respira- 
tory muscles, must perform more work (greater fluctuation of the intra- 
pleural pressure) than normal individuals, in order to inflate and de- 
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flate the lungs (tidal volume). Capillary congestion of the lungs and 
immobility of one side of the chest will obviously cause a relatively 
greater reduction in the vital capacity than in the residual volume. 

If tension changes are responsible for the Hering-Breuer reflex, then 
inereased irritability of this reflex in pulmonary congestion is to be 
expected. This may well explain the rapid and shallow type of breath- 
ing found in these cases at rest and its exaggeration during exercise. 

The anoxie anoxemia that these cases presented is another point of 
interest. This is in contrast to the majority of individuals with uni- 
lateral pneumothorax, in whom several investigators'* * ** found the 
blood to be normally saturated. In one case with extensive unilateral 
tuberculosis, Meakins and Davies’ found that the oxygen saturation 
was decreased, while following the insufflation of air the value rose to 
normal. Factors which may play a part in diminishing the saturation 
of the blood in patients with thoracoplasty are: unequal alveolar ventila- 
tion, due to rapid and shallow breathing and interference with the 
mechanics of respiration by interruption of the integrity of the chest 
cage; passage of blood through unaerated lung tissue; and dilatation of 
the capillaries crowded with red cells so thick as to interfere with the 
normal inward diffusion of oxygen. All of these factors may play a réle 
in the production of anoxic anoxemia in such patients. Experimentally, 
we have little data to help clarify this problem. However, the available 
data support the contention that it is in part due to unequal alveolar 
ventilation. One of the patients (J. O.) hyperventilated for ten minutes, 
and the oxygen saturation increased 3 per cent. In another patient 
(A. D.) arterial blood was obtained just prior to and immediately after 
(three-fourths minute) performing moderately severe exertion (3000 
kgm. in five minutes). At rest the saturation was 87 per cent, and 
after exercise it was found to have increased to 91.2 per cent. This 
indicates that part of the anoxemia may be relieved by more uniform 
ventilation, or by inereasing the oxygen tension of the alveolar air. 
Unfortunately, arterial blood was not obtained after oxygen inhalation, 
in which case the oxygen tension of the alveolar air would be raised 
independent of increased ventilation. 

Undoubtedly, blood flowing through unaerated portions of the lungs 
must play a part in the arterial anoxemia of such cases. The degree of 
collapse, certainly from a radiographic standpoint, is greater in a com- 
plete pneumothorax than by the resection of 11 ribs. When there is a 
partial pneumothorax and the intrapleural pressure is not positive 
throughout the whole cycle, portions of the affected lung are ventilated. 
Roentgenograms taken at maximum expiration and inspiration show 
that the collapsed lung alters its size with respiratory movements. On 
the other hand, in eases of thoracoplasty the function of the affected 
lung must be insignificant, since the thoracic wall is fixed. That gaseous 
exchange is minimal on the operated side was shown recently by Bjork- 
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man,** who determined the volume and function of each lung separately. 

No frank signs of right ventricular failure were noted in this series. 
This is not surprising when one realizes that the vascular bed of the 
lungs must be reduced by approximately 60 per cent before the pressure 
is increased in the lesser circulation. There are, however, other factors, 
such as anoxemia of the myocardium and passive congestion of the 
lungs, which may put an additional load on the right ventricle in pa- 
tients: with thoracoplasty. The so-called ‘‘vascular tests’’ (venous pres- 
sure and blood velocity) were not strictly abnormal. Changes in the 
intrapleural pressure are reflected on the venous pressure. MeIntosh?? 
found that the intrapleural pressure was more positive in cases of 
thoracoplasty than in normal individuals. This may account for the 
relatively high venous pressure in some eases. However, until addi- 
tional studies of this type, along with carefully studied autopsy material, 
are made, no definite conclusions can be drawn concerning the effect 
of compression therapy on the right ventricle. 

It is felt then that for equal portions of lung compressed thoracoplasty 
is more disabling to a patient than pneumothorax. This is due to im- 
pairment of the mechanics of respiration, resulting from interference 
with the thorax cage. The reduction in the pulmonary capacity and 
the oxygen saturation of the arterial blood result from the operative 
procedure. Dyspnea is due to increased irritability of the cardiore- 
spiratory reflexes and associated with the reduction in the pulmonary 
reserve which in turn is dependent upon the vital capacity. Usually 
the active tuberculous infection is controlled and a fair percentage of 
the patients is returned to useful occupations, but from a physiologic 
point of view, the treatment permanently exaggerates the respiratory 
disability. Other forms of compression therapy in which it is not neces- 
sary to interfere greatly with the thoracic cage, should give more effi- 
cacious results. 

The importance of accurately determining the cardiovascular reserve 
prior to operation cannot be overemphasized. Studies of this nature 
before and after thoracic operations in cases of chronic pulmonary dis- 
ease will undoubtedly lead not only to a better understanding of the 
respiratory function of the diseased lung but also to a more discrim- 
inating selection of cases for such procedures. 


SUMMARY AND CONCLUSIONS 


Determinations of the total pulmonary eapacity and its subdivisions, 
alung with radiographic measurements, were made in 20 cases of pul- 
monary tuberculosis treated by thoracoplasty. The measurements were 
made from seven to one hundred twenty-seven months after operation. 
In 2 cases observations were made both before and after resection of 
the thorax. The normal values for the capacity of the lungs (prior to 
operation) were predicted from the standing body height. The oxygen 
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saturation of the arterial blood and the morphology of the red blood 
corpuscles were determined. In order to study the effect of compression 
of the lungs on the right heart, venous pressure and velocity of the 
blood flow were measured in these cases. 

The results of this investigation lead to the following conclusions: 

1. Thoracoplasty causes marked reduction in the total and vital ea- 
pacities and the diminution is roughly proportional to the number of 
ribs resected. With equal number of ribs removed (5 or 6), the redue- 
tion in the vital capacity is greater when the phrenic nerve is paralyzed 
than when it is intact. The diminution in the mideapacity and the 
residual volume is less marked than in the other capacities, resulting 
mideapacity residual air 
total capacity ane’ “total capacity 


in high normal values for the ratios 


x 100. 
2. The ability to expand the chest in patients with thoracoplasty is 

diminished, as evidenced by a reduction in the lateral expansion of the 

chest, excursions of the diaphragms, rib rotation, and an inerease in 

area at maximum expiration 100 

area at maximum inspiration 

3. Surgical interference with the chest cage results in an anoxic 
anoxemia. 

4. In spite of the presence of arterial anoxemia, no evidence of poly- 
cythemia is found in patients with thoracoplasty. In a small percentage 
of the cases, the values for the number of erythrocytes, the level of the 
hemoglobin, and the hematocrit indicate a definite anemia. The mor- 
phology of the red blood cells is normal. 

5. The venous pressure is slightly elevated, but the values are not 
abnormally high. Higher pressure exists on the operative side than on 
the contralateral side. The blood velocity (arm-to-tongue time) is 
slightly delayed. 

6. At rest and during moderate physical exertion patients with thora- 
coplasty have a rapid and shallow type of breathing compared with 
total ventilation 

vital capacity 
in 5 out of 6 patients performing moderate exertion. The pulmonary 
reserve is reduced in all cases. 

7. Definite correlations exist between the degree of disability and the 
reduction in the vital capacity and pulmonary reserve and the increase 
total ventilation 

vital capacity 


the ratio 


is abnormally high 


normal individuals. The expression 


in the expression 
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THE LUNG VOLUME AFTER THORACOPLASTY* 


JOHN S. Harter, M.D., SANATORIUM, Miss., RicHarp H. OveRHOLT, M.D., 
AND H. J. PERKIN, M.A., Boston, Mass. 


HORACOPLASTY results in a permanent alteration of the vol- 

ume of the thorax. The ideal operation should, therefore, be one 
which adequately collapses the lung involved by disease and at the same 
time does not interfere with the ventilation of healthy portions of pul- 
monary tissue. 

There has been an abandonment, in most clinics, of the total or com- 
plete paravertebral thoracoplasty for an upper selective operation when- 
ever the tuberculosis is limited to the upper portion of the lung. 

During the past two and one-half years we have combined the resee- 
tion of the upper ribs with a mobilization of the apex, providing ver- 
tical as well as lateral collapse of the lung in the upper portion of the 
chest. An apparently more effective control of the disease follows with 
less sacrifice of uninvolved lung. 

Shortly after the adoption of this type of thoracoplasty (in the spring 
of 1935), we became interested in determining, if possible, alterations 
that might occur in lung volume. After our study was begun, two pub- 
lications on results of lung volume studies in thoracoplasty subjects ap- 
peared. MeIntosh' found great reductions in lung volume after opera- 
tion in a series of 15 patients, only 5 of whom were studied before 
operation. In these comparative studies the final reading was taken 
within four weeks of operation. A majority of the determinations were 
made upon patients subjected to a resection of 11 ribs. Lindskog and 
Friedman? have also reported a decrease in lung volume and vital ¢a- 
pacity following thoracoplasty. Their study was based upon determina- 
tions made on 3 thoracoplasty patients, the final reading being taken one 
week after operation. 

Undoubtedly, the startling revelation that thoraecoplasty produces 
marked changes in respiratory physiology must have made all thoracic — 
surgeons stop to ponder the question raised by Mcintosh,’ ‘‘Can the 
disease be arrested without making the patient worse off physiologically 
than he was before?’’ Our clinical impressions drawn from a series of 
179 patients who have had far-advanced disease arrested by thoraco- 
plasty and from 121 of these patients who are now working have been 
that the great majority of rehabilitated thoracoplasty patients do very 
well in respect to pulmonary function. Two observations have pre- 

*From the Department of Thoracic Surgery, the Lahey Clinic, Boston. 


Read before the Twentieth a ag Meeting of the American Association for Thoracic 
Surgery, at Saranac Lake, N. Y., May 31, June 1, 2, 1937. 


290 


291 


LUNG VOLUME AFTER THORACOPLASTY 


HARTER ET AL. 
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PREOP. | POSTOP. PER 
DATE DATE PREOP. | POSTOP. PREOP, | POSTOF.| 
OF oF VITAL | LUNG | LUNG | CHANGE 
DETER- DETER- CAPAC- LUNG 
MINATION | MINATION VvoL- 
OF -L, Vv. | OF 1. iC. 


AND V.C.|AND V.C. FUNCTIONAL RESIDUAL AIR 


5/10/35) 1/ 2/36 


1/20/37 
6/24/35] 11/ 3/35 


9/21/35) 4/ 9/37 


2/28/36| 5/24/37 


10/31/35] 1/26/37 
5/36] 1/12/37 
11/15/35} 12/23/36 


8/29/35] 3/ 5/37 
1/24/36| 4/23/37 
9/12/35] 12/11/36 
1/ 9/361 12/15/36 
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vented us from becoming unduly alarmed: (1) Relatively few patients 
complain of dyspnea on exertion, or show other effects of pulmonary 
deficiency ; (2) a few patients who had symptoms such as tightness in 
the chest, wheezing, or dyspnea on slight exertion, have been relieved 
by selective thoracoplasty. The readjustment of the size of the thoracic 
cage to the size of the healthy lung, the relaxation of distorted pul- 
monary tissue, the dropping of the hilum, and the return of the lower 
lobe and diaphragm to normal position may increase the patient’s ability 
to use the remaining uninvolved lung. 

Beecher® has demonstrated that there is a marked drop in the lung 
volume and vital capacity following abdominal operations, with a return 
toward preoperative values in about two weeks. Certainly the recovery 
period from the effects of the thoracoplasty would be as long, or longer 
than, that of abdominal operations. Clinically many patients are short 
of breath on exertion for several weeks, with a gradual loss of the 
dyspnea. A significant evaluation of lung volume should be delayed 
several months, preferably when the disease is arrested and the patient 
ambulatory. 

Preoperative lung volume determinations were made on 72 consecu- 
tive patients. The method of Christie‘ was used. Pulmonary nitrogen 
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TABLE 
| N9- OF | yo. or 
NAME | SEX or | RIBS | opera- 
op. TIONS 
SECTED 
B-x 5 1330 | 1215 | -9%]| 1151 795 | -31% | 
: E-e 2/26/36| 2/19/37 8 1650 | 1453 | -12% | 1700 861 | -50% 
Sc iti T-a 5/27/35] 12/ 1/36 5 1410 | 1184 | -16% | 1200 | 1235 +2% 
O-a 1/ 3/36| 2/12/37} 12 1340 | 1117 | -17%]| 1495 1113 | -28% 
i C-r 11/ 7/35) 12/ 8/36 12 2310 1323 | -43% | 2360 1240 | -48% 
Y-m 3/28/3€| 2/23/37 8 2460 | 2370] 4%] 2450} 1210 | -51% | 
4 C-h 10/ 3/35| 1/29/37] 13 1311] 1475 | -12%]| 1358 814 | -40% 
D-n 9/11/35] 5/24/37} 18 2210 | 1900 3142 | 1808 | -40% 
P+ 11/15/35] 2/ 5/37) 14 1675 | 1430 | -15% | 1492 | 1296 | -14% 
J-n 9/18/35} 3/12/37] 14 1850 | 1453 | -22% | 1521 | 1052 | -31% 
M-s 11/ 8/35] 1/ 5/37] 13 2120} 1721 | -19% | 2490 | 1073 | -58% 
M-s 2/20/36] 2/ 5/37| 12 1430 | 1430 0% | 1455 | 1322 | -10% 
C-y 12/17/36| 2/26/37 5 1315 | 1117} -16% | 1598 | 1196 | -26% 
D-e 3/22/36| 1/ 8/37 7 1600 | 1252 | -22% | 2300 | 1691 | -27% 
T-g 1/11/36] 1/23/37] 1600 | 1184 | -26%| 2145 | 2164 | +1% 
Se D-z 6/ 3/36| 2/19/37 7 1090 827 | -25% | 2505 | 1760 | -30% 
D-e 12/ 4/35| 2/26/37 7 1285 | 1273 | 1278 | 1924 | +50% 
B-o 1270 | 1230] -5%| 1492 | 1688 | +7% 
M-y 13 1610} 1452 | -10% | 2478 | 2000 | -28% 
C-k 4 1700 | 1295 | -14% | 998 | 1240 | +24% | 
F-n 2010 | 1900 | -6%| 2446 | 2180 | -11% 
S-e 3/18/36| 1/24/36 3680 | 3285 | -11% | 2827 | 2144 | -24% 
W-d 5/27/36| 1/23/37 2835 | 2235 | -22% | 3030 | 1831 | -40% 
T-r 11/ 8/35} 12/18/36} 2900 | __2100 | -28% | 3060 | 2251 | ~27% 
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CLASSIFICATION OF DISEASE 
DIA- preor.| monany | 1° UNILATERAL POSTOP. STATUS 

PHRAGM HEIGHT | TUBERCU-| DILATERAL—ONE SIDE HEALED A. AMBULATORY 
BILATERAL CAVITIES R. REHABILITATED 


- NO 
+ YES + COMPLICATION PRESENT 


-4 (Progressive lesion) 
-4 (Empyema) 
( 
( 


Hyperthyroidism 
Diabetes) 
Empyema) 


Slight dyspnea preop. 
No dyspnea postop, 


-4 (1) Progressive 


way 


Bilat. Thoracoplasty, Slight 
Dyspnea 


Dyspnea preop. 
Greatly imp. postop. 


was not estimated either before or after operation. The series reported 
postoperatively were selected only in that there was no collapse therapy 
other than thoracoplasty present at the time of the last determination. 
The remaining patients of the series were not available. Postoperative 
studies were made in 32 patients. The time interval between the last 
operation and the determination varied from four to eighteen months. 
All patients were classified as apparently arrested and were ambulatory 
or working. 

The lung volume is defined by Christie as the volume of the lung at 
the end of a normal expiration. He also refers to this value as the fune- 
tional reserve air. Hurtado and Boller® have used the term mideapacity. 
The relative values of the reserve air, the residual air, the complementary 
and total capacities were not calculated. It was felt that too many 
errors are introduced in the estimation of reserve air, so that the other 
components of the total capacity are vitiated. 

All of the data on the 32 patients are assembled in Table I. The fol- 
lowing tables ave values calculated with the standard deviation of the 
averages. The standard deviation is also given for the difference between 
the preoperative and the postoperative values. 


TABLE 
No. oF MOT HO- 
OPERA- 
TIONS 
+ YES 
- 23 115 i 
+ 24 | 5°44” 135 
25: 5°7" 133 
30 | 572%4"| 146 5 
+ 30 | 5°3%4"| 120 
| | 
- 36 | 102 
- 37 | 5’2" 102 
- 5°24" 
| 5” 151 
42 | 162 
= 42 1 5'6%"| 117 
- 24 | 5’9” 118 
28 | 5°11” 156 : 
- 30 | 5’6” 126 
31 | 5°11" 126 
+ = 32 5°5" 145 re 
- 38 | 5710” 148 
- 44 | 5’8” 139 
- 48 | 130 
- 53 | 5°11" 147 
- = 58 | 511” | 188 5 
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Table 2 
Difference in L.V. (lung volume) of entire group of 32 patients. 


LITERS S.D. 
Preoperative L.V 2.3 + 0.17 
Postoperative L.V. 1.8 + 0.14 


Difference in L.V. 0.5 + 0.22 


Table 3 


Difference in L.V. in 21 patients without previous collapse therapy. 
Preoperative L.V. 2.4 + 0.21 
Postoperative L.V. 2.0 + 0.18 


Difference in L.V. 0.4 + 0.27 


Table 4 


Difference in L.V. in 11 patients with previous collapse therapy. 
Preoperative L.V. 19:2 017 
Postoperative L.V. 1.4 + 0.19 
+ 


Difference in L.V. 


Table 5 


Difference in preop. L.V. of entire group and patients without previous collapse 

therapy. 
21 patients without previous collapse therapy preop. L.V. 2.4 + 0.21 
32 patients entire group preop. L.V. 2.3 + 0.17 
0.1 + 0.27 


Table 6 


Difference in preop. L.V. of entire group and patients with previous collapse 

therapy. 
52 patients entire group preop. L.V. 2.3 + 0.17 
11 patients with previous collapse therapy preop. L.V. 1.9 + 0.17 
4+ 0.2 


Table 7 


Difference in preop. L.V. of patients without previous collapse therapy and 
patients with previous collapse therapy. 


11 patients with previous collapse therapy preop. L.V. 2.4 + 0.21 
21 patients without previous collapse therapy preop. L.V. 1.9 + 0.17 
Difference in preop. L.V. 0.5 + 0.27 
Table 8 

Difference in postop. L.V. patients without previous collapse therapy and entire 
group. 
21 patients without previous collapse therapy postop. L.V. 2.0 + 0.18 
32 patients entire group postop. L.V. 1.8 + 0.14 
Difference in postop. L.V. 0.2 + 0.22 


Table 9 


Difference in postop. L.V. of patients with previous collapse therapy and entire 
group. 
32 patients entire group postop. L.V. 1.8 + 0.14 
11 patients with previous collapse therapy postop. L.V. 1.4 + 0.19 


Difference in postop. L.V. 0.4 + 0.23 


- 
3 
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Table 10 
Difference in postop. L.V. of patients without previous collapse therapy and with 
previous collapse therapy. 
LITERS S.D. 
21 patients without previous collapse therapy postop. L.V. 2.0 + 0.18 
11 patients with previous collapse therapy postop. L.V. 1.4 + 0.19 
Difference in postop. L.V. 0.6 + 0.26 


Table 11 
Females, difference in preop. and postop. L.V. 


20 females 
20 females 


Difference in postop. L.V. 


Table 12 
Males, difference in preop. and postop. L.V. 


12 males EV. O97 
12 males . L.V. 2.5 + 0.22 


Difference in postop. L.V. 0.5 + 0.35 


Table 13 
Difference in preop. L.V. of males and females. 


12 males 
20 females 


Difference in preop. L.V. 


Table 14 


Difference in postop. L.V. of males and females. 


12 males postop. 
20 females postop. 


Difference in postop. L.V. 


Table 15 
Difference in postop. L.V. of males thirty years of age or less. 


4 males thirty years of age or less preop. 
4 males thirty years of age or less postop. 


Table 16 
Difference in postop. L.V. of males thirty-one years of age or more. 


8 males thirty-one years of age or more preop. L.V. 
8 males thirty-one years of age or more postop. L.V. 


Difference in postop. L.V. of males, thirty-one years of age or more 


Table 17 
Difference in postop. L.V. of females thirty years of age or less. 


10 females thirty years of age or less preop. L.V. 
10 females thirty years of age or less postop. L.V. 
Difference in postop. L.V. of females thirty years of age or less 


1+] I+ [+ 


Table 18 
Difference in postop. L.V. of females thirty-one years of age or more. 


10 females thirty-one years of age or more preop. L.V. 
10 females thirty-one years of age or more postop. L.V. 


Difference in postop. L.V. of females 


P| preop. L.V. 1.8 + 0.13 at 
postop. L.V. 1.4 + 0.09 hie 
0.4 + 0.16 
preop. L.V. 3.0 + 0.27 
preop. L.V. 1.8 + 0.13 a 
1.2 + 0.3 
L.V. 2.5 + 0.22 
L.V. 1.4 + 0.09 
L.V. 2.7 + 0.14 
L.V. 2.0 + 0.14 ade 
0.7 + 0.2 ae 
3.1 + 0.39 
2.8 + 0.36 ; 
1.8 0.19 
1.1 0.09 
1.9 + 0.17 oe 
1.6 + 0.11 es 
_ + 0.2 
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Table 19 
Difference in preop. L.V. of females thirty-one years of age or more and thirty 
years of age or less. 
LITERS S.D. 


10 females thirty-one years of age or less preop. L.V. 1.9 + 0.17 
10 females thirty years of age or less preop. L.V. 1.8 + 0.19 


Difference in preop. L.V. 0.1 + 0.26 


Table 20 


Difference in postop. L.V. of females thirty-one years of age or less and thirty 
years of age or less. 


10 females thirty-one years of age cr more postop. L.V. 1. 0.11 
10 females thirty years of age or less postop. L.V. 1. 0.09 


Difference in postop. L.V. i 0.14 


Table 21 
Difference in preop. L.V. of males thirty-one years of age or more and males 
thirty years of age or less. 


8 males thirty-one years of age or more preop. L.V. 3.1 + 0.39 
4 males thirty years of age or less preop. L.V. 2.7 + 0.14 


Difference in preop. L.V. 0.4 + 0.49 


Table 22 
Difference in postop. L.V. of males thirty-one years of age or more and males 
thirty-one years of age or less. 


8 males thirty-one years of age or more postop. L.V. 2.8 + 0.36 
4 males thirty years of age or less postop. L.V. 2.0 + 0.14 
0.8 


Difference in postop. L.V. 0.39 


Table 28 
Difference in preop. L.V. in males and females thirty years of age or less. 


4 males thirty years of age or less preop. L.V. 2.7 + 0.14 
10 females thirty years of age or less preop. L.V. 1.8 + 0.19 


Difference in preop. L.V. 0.9 + 0.24 


Table 24 
Difference in postop. L.V. of males and females thirty years of age or less. 


4 males thirty years of age or less postop. L.V. 3.1 + 0.14 
10 females thirty years of age or less postop. L.V. 1.8 + 0.19 


Difference in postop. L.V. 0.2 + 0.24 


Table 25 
Difference in preop. L.V. in males and females thirty-one years of age or more. 


8 males thirty-one years of age or more preop. L.V. 3.1 + 0.39 
10 females thirty-one years of age or more preop. L.V. 1.8 + 0.19 


Difference in preop. L.V. 1.3 + 0.44 


Table 26 
Difference in postop. L.V. of males and females thirty-one years of age or more. 


8 males thirty-one years of age or more postop. L.V. 2.8 + 0.36 
10 females thirty-one years of age or more postop. L.V. 1.6 + 0.11 


Difference in postop. L.V. 1.2 + 0.38 


ag 
hd 
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Table 27 


Difference in postop. L.V. in patients giving history of pul. tbe. for three years 
or less. 


LITERS S.D. 


18 patients giving history of pul. tbe. three years or less _— preop. L.V. 2.4 + 0.25 
18 patients giving history of pul. the. three years or less - postop. L.V. 1.8 + 0.21 


Difference in postop. L.V. 0.6 + 0.35 


Table 28 
Difference in postop. L.V. in patients giving history of pul. tbe. of more than 
three years’ duration. 
14 patients giving history of pul. the. more than three years preop. L.V. 1.9 + 0.19 
14 patients giving history of pul. the. more than three years postop. L.V. 1.8 + 0.17 
Difference in postop. L.V. 0.1 + 0.25 


Table 29 
Difference in preop. L.V. of patients giving history of pul. tbe. of three years or 
less and of patients giving history of pul. the. of more than three years. 
18 patients giving history of pul. tbe. three years or less preop. L.V. 2.4 + 0.25 
14 patients giving history of pul. the. more than three years preop. L.V. 1.9 + 0.19 
Difference in preop. L.V. 0.5 + 0.31 


Table 30 
Difference in postop. L.V. of patients giving history of pul. the. of three years 
or less and patients giving history of pul. tbe. of more than three years. 


18 patients giving history of pul. tbe. three years or less postop. L.V. 1.8 + 0.21 
14 patients giving history of pul. the. of more than three years 
postop. L.V. 1. 


8 
Difference in postop. L.V. 0.0 


Table 31 
Difference in females thirty years of age or less with pul. tbe. of less than 
three years. 
10 females thirty years of age or less, pul. the. three years or less 
preop. L.V. 1.8 + 0.19 


10 females thirty years of age or less, pul. the. three years or less 
postop. L.V. 1. 


1 
Difference in postop. L.V. 0.7 


Table 32 


Difference in females thirty-one years of age or more giving a history of pul. 
the. of more than three years. 


9 females thirty-one years of age or more, pul. the. more than three years 

preop. L.V. 1.8 + 0.19 
9 females thirty-one years of age or more, pul. the. more than three years 

postop. L.V. 1.5 + 0.5 
Difference in postop. L.V. 0.3 + 0.35 


There was only 1 female over thirty-one years of age giving a history of pul. 
tbe. of three years or less and no females under thirty years of age giving a history 
of pul. tbe. of more than three years. 

There were not enough males in any of the four groups to attach any significance 
to the figures. 

Average age of females—thirty-one. 

Average age of males—forty-one. 


= 
t 
OF 
+ 0.25 
+ 0.09 
+ 0.21 
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Table 83 
Difference in postop. L. V. of patients having 7 ribs resected. 


LITERS §.D. 


6 patients having 6 ribs or less resected preop. L.V. 2.1 + 0.35 
6 patients having 6 ribs or less resected postop. L.V. 1.7 + 0.35 


Difference in postop. L.V. 0.4 + 0.48 
Difference in postop. L. V. of patients having 6 ribs or less resected. 


15 patients having 7 ribs resected preop. L. V. 
i5 patients having 7 ribs resected postop. L. V. 


Difference in postop. L. V. 


bo 
1+] [+ I+ 
@ 


Table 34 
Difference in postop. L. V. of patients having 8 ribs resected. 
8 patients having 8 ribs resected preop. L.V. 2.4 + 0.20 
8 patients having 8 ribs resected postop. L.V. 2.0 + 0.29 
Difference in postop L. V. 0.4 + 0.35 


One patient had 10 ribs resected. 
One patient had 11 ribs resected. } eee + 


Table 35 
Difference in postop. L. V. in patients having left side thoracoplasties. 


16 patients having left thoracoplasties preop. L.V. 
16 patients having left thoracoplasties postop. L.V. 


Difference in postop. L. V. 


Table 86 
Difference in postop. L. V. in patients having right thoracoplasties. 
One patient with a bilateral thoracoplasty 


15 patients having right thoracoplasties preop. L.V. 2.3 
15 patients having right thoracoplasties postop. L.V. 1.8 
Difference in postop. L. V. 0.5 

5 ribs resected on right side and 7 ribs on left side showed a reduction 
liters of the lung volume after operation. 


Table 87 
Difference in preop. L. V. in patients having right thoracoplasties and patients 
having left thoracoplasties. 


16 patients having right thoracoplasty preop. L. V. 2.3 + 0.18 
15 patients having left thoracoplasty preop. L. V. 2.3 + 0.19 


Difference in preop. L. V. 0.3 + 0.26 


Table 38 
Difference in postoperative L. V. of patients having right thoracoplasties and 
patients having left thoracoplasties. ; 
16 patients having right thoracoplasties postop. L.V. 1.8 + 0.2 
15 patients having left thoracoplasties postop. L.V. 1.7 + 0. ~ 
Difference in postop. L. V. 5 


Table 39 
Difference in males postop. V. C. (Vital Capacity). 


12 males preop. V. 
12 males postop. V. 


Difference in postop. V.C. 


bo 2.0 + 0.19 
+ 0.18 
+ 0.20 
0.26 
of 1.7 
a C. 2.5 + 0.21 
C. 21+ 02 
0.4 + 0.29 
i 
* 
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Table 40 
Difference in females postop. V. C. (Vital Capacity). 


LITERS’ S.D. 


20 females preop. V. C. 1.6 + 0.08 
20 females postop. V. C. 1.4 + 0.07 


Difference in postop. V.C. 0.2 + 0.1 
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PULMONARY AND CIRCULATORY FUNCTION BEFORE AND 
AFTER THORACOPLASTY* 


ApRIAN VAN S. LAMBERT, M.D., Frank B. Berry, M.D., 
ANDRE CoURNAND, M.D., aNp D. W. RicHarps, Jr., M.D. 
New York, N. Y. 


URING the past two years, a study of pulmonary and circulatory 

function has been made in twenty-eight cases of chronic pulmonary 

tuberculosis, admitted for consideration of, or hospitalized during the 
course of, surgical treatment in the Chest Service of Bellevue Hospital. 

Ten cases were studied only in the postoperative state, having pre- 
viously undergone thoracoplasty, phrenic crushing or avulsion, or both 
operative procedures. Seven cases have been investigated preopera- 
tively, but the postoperative studies have not yet been completed. Eleven 
cases have been studied before and at various times after thoracoplasty. 
These cases present a variety of preoperative conditions, and of post- 
operative results. 

The present paper is a preliminary report on this material. Of the 
eleven cases followed from the preoperative state through thoraco- 
plasty, we have selected three for detailed description. (1) The first had 
had neither pneumothorax nor phrenicectomy, previous to thoracoplasty. 
(2) The second had had a phrenic exairesis two years before. (3) The 
third had at the time of thoracoplasty a partial pneumothoraz, also a 
benign tuberculous empyema in the pneumothorax cavity. After the 
completion of thoracoplasty, the pneumothorax was allowed to expand, 
as a final stage of her treatment. 

It seemed to us that for our purposes, more of clinical value could be 
learned, by comparing the initial and final stages of the one individual, 
than by comparing a given individual’s condition with that of a group 
or average of normal individuals. In this respect, the approach to the 
problem is similar to that in the recent investigation by McIntosh." 


METHODS 


The measurements which we used, have been chosen so as to be ap- 
plicable to moderately or greatly incapacitated subjects, and yet to af- 
ford as comprehensive a knowledge as possible of their total pulmonary 
and cireulatory function. The technique of the methods is not difficult, 
and the whole set can be carried out usually in about two half-days. 
Numerous investigations along similar lines have been carried out on 
groups of patients with cardiae or pulmonary disease. (Jansen, Knip- 


*From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Tuberculosis Service, Bellevue Hospital, New York. 

Read before the Twentieth Annual Meeting of the American Association for 
Thoracic Surgery at Saranac Lake, N. Y., May 31, June 1, 2, 1937. 
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ping, and Stromberger?; Harrison*®; Cournand, Brock, Rappaport, and 
Richards‘; Kaltreider and McCann*; and others. See also Brieger.*) 

It appeared particularly important to measure function both at rest, 
during exercise, and in the recovery period after exercise; especially 
since, in patients under consideration for thoracoplasty, dyspnea is often 
the dominant symptom. The type of exercise was simple in form, stand- 
ardized, and graded so as to be light enough not to exhaust the patient, 
yet severe enough to demonstrate latent defects in physiologic function. 
It consisted in stepping up and down 30 times in one minute, using a 
single step 20 em. high. 


Fig. 1.—Apparatus, showing (left to right) (1) Christie spirometer for lung volume 
measurements, (2) venous pressure apparatus, (3) spirometer with long paper kymo- 
graph for graphic registration of breathing, (4) Tissot spirometer, (5) step for 
exercise, 


Fig. 1 shows most of the apparatus used. The Christie apparatus, for 
measurement of residual lung volumes (shown on the left of the photo- 
graph), has been modified to permit measurement of alveolar air speci- 
mens, before and at the end of the period of rebreathing. A correction 
factor obtained by the use of alveolar air values has been discussed in a 
recent paper.’ 

In principle we have endeavored to center all methods around the 
primary function of the resp:*atory system, and of the circulatory in 
so far as it serves the respiratory, namely, transport of respiratory gases, 
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oxygen and CO,. We believe that in the group of cases we are consider- 
ing most forms of respiratory dysfunction are closely related to failure 
of normal gas transport somewhere along the line from outside air to 
active body tissues. The chemical and dynamic aspects of the circulation 
are included, in this sense, among the mechanisms providing transport of 
respiratory gases. 

The chart shown in Fig. 2 may give some idea of our effort to prepare 
a group of methods which should give an outline of an individual’s total 
respiratory and circulatory state, both as concerns movement or ventila- 
tion of air, aeration of blood, transport of gases to tissues by arterial 
blood, and from tissues by venous return. 

STRUCTURE FUNCTION MEASUREMENT 
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Fig. 2.—Diagram of respiratory and circulatory structures and functions, and methods 
used for their measurement. 

We may make a few brief comments on the significance of the methods 
used, in this investigation. 

I. Lung Volumes and Ventilation—(a) Lung volumes are essentially 
static measurements, describing the anatomic frame or spatial limits 
within which gross exchange or circulation of air takes place. They do 
not necessarily indicate maximum effective ventilation in unit time. Also, 
lung volumes do not wholly determine the efficiency of ventilation of the 
pulmonary air spaces. In this latter regard, they are, of course, impor- 
tant. <A large residual air, relative to total lung capacity, is apt to indi- 
cate poor aeration of alveolar spaces and of blood, as McCann and his 
colleagues have shown.® 

(b) Measurement of amount of pulmonary ventilation per minute adds 
to lung volumes the dimension of time, and estimates the availability of 


the spatial vital capacity for gross air circulation. 
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Maximum ventilatory capacity has recently been extensively studied 
(Hermannsen®). This may be obtained after maximally heavy exercise ;° 
also by rebreathing CO, to the extreme of tolerance (Goiffon and his as- 
sociates!®). Both procedures are unpleasant to most patients. We have 
found, as did Hermannsen, that the largest volume of ventilation ean be 
obtained by having the subject perform maximal voluntary hyperventila- 
tion, making each breath as deep and as rapid as possible. We have used 
this latter technique, recording ventilation graphically on a moving 
drum. 

In some conditions, such as emphysema, patients perform maximum 
voluntary ventilation by great increase in respiratory rate, with small 
amplitude per breath; in other conditions, nearly the whole vital ea- 
pacity is used in maximum breathing. We have found it of interest to 
record maximum vital capacity breathing, each breath a full vital ea- 


LUNG VOLUMES and BREATHING CAPACITY in 3 NORMAL SUBJECTS 


SUBJECT Ch. SUBJECT DWAR SUBJECT AC 
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3. —Lung volumes: T. C. = total capacity; solid block = mieeenty figure in 
ota ak = = ratio of midcapacity to total capacity. Vv. & = wital capacity ; figure 
in block = ratio of vital capacity to total capacity. Maximum breathing: V. C. = 
maximum . vital capacity breathing; Vol. = maximum voluntary breathing ; Ret. = 
maximum reflex breathing. Figures in block = volume of each breath; figure below 
block = respiratory ratio. 


pacity, and these repeated as rapidly as possible. This gives an indica- 
tion of the availability of all parts of the vital capacity. 

Fig. 3 gives values of lung volumes and maximum breathing in three 
normal men. 

In Fig. 4 are shown actual graphic tracings of maximum breathing in 
(I) a normal subject, (II) a patient after thoracoplasty, (III) a pa- 
tient with emphysema. It will be noted that the emphysematous patient, 
though having as large a vital capacity as the postthoracoplasty patient, 
had much smaller maximum breathing and maximum vital capacity 
breathing. The tendency of this emphysematous subject to assume the 
extreme inspiratory state (where his breathing was least obstructed and 
retarded) during maximum voluntary breathing, is characteristic of this 
pathologie state. 
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In general our results have confirmed the principle originally stated 
by Peabody," that dyspnea appears when actual ventilation exceeds a 
certain fraction of maximum ventilation. 

II. Transport of Gases.—(a) By the lungs. It may be noted that this 
differs significantly from the problem of total ventilation. The latter is 
the mass movement of air; whereas by transport of gases we refer to the 
selective exchange of oxygen and CO, between outside air and pul- 
monary blood. 

In the charts describing gas transport by the lungs (Fig. 5), ventila- 
tion and gas exchange are expressed in terms of liters (or eubie centi- 
meters) per square meter of body surface. 


I 


Fig. 4.—Graphic tracings of maximum breathing, drum moving from right to left. 
Normal subject. Maximum vital capacity breathing at right, maximum voluntary 
tamer at left. II. Patient after thoracoplasty. (c) Maximum vital capacity 
breathing; (b) maximum voluntary breathing; (a) maximum reflex (CO2z) breathing, 
performed after exercise. III. Emphysematous patient. (b) Maximum vital capacity 
breathing ; (a) maximum voluntary breathing. 


Efficient ventilation is obviously that whereby a large amount of oxy- 
gen is absorbed per unit volume of air breathed, and a large amount of 
CO, eliminated. Various coefficients have been devised to describe this 
principle. We have recorded this oxygen utilization simply as O, per 
cent; and CO, per cent for concentration of CO, exhaled (Fig. 5). 

Many factors may act to make ventilation inefficient, such as blood 
acidity, anoxemia, retarded circulation, reflex factors, ete. We should 
like to emphasize one other factor, that is, poor distribution of inhaled 
air through pulmonary alveolar spaces. If inhaled air is unevenly dis- 
tributed so that some alveoli are hyperventilated and others hypoventi- 
lated, then a larger total ventilation becomes necessary to effect a given 
intake of oxygen, and elimination of CO,. Sonne’? has proved this both 
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theoretically and experimentally. Clinically we see the phenomenon to 
a striking degree, for example, in cases of bronchial asthma, where rest- 
ing ventilation may be 16 or 20 liters a minute, yet without overventila- 
tion such that CO, tension of the blood is lowered. In these asthmatic 
subjects, the percentage of CO, in expired air is low, as is the percentage 
of O, removed from inspired air. 

The problem of distribution of air through pulmonary spaces is a 
most interesting one, particularly in cases of extensive chest deformity 
such as thoracoplasty. There is, for example, the phenomenon of a 
poorly ventilated air pocket, into which as Bjérkman** has shown, CO, 
output may be relatively large, but from which O, absorption is al- 
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Fig. 5.—Transport of respiratory gases in normal subject. B = basal conditions; 
Ex. = during one minute of exercise, 30 steps; Ri = during first minute of recovery ; 
Rs = during fifth minute of recovery. 


(b) Total oxygen and CO, exchange, in rest, exercise, and recovery. 
The total oxygen absorbed from the inspired air and CO, given off to 
the expired air are the commonly used measures of total energy used by 
the body. Tissues, circulation, and lungs all contribute in this process. 

In a normal individual (Fig. 5), under the conditions of our studies, 
during the brief period of exercise, there is a marked increase in oxygen 
consumption, with both increased ventilation and increased utilization 
of oxygen per unit volume of air breathed. CO, also increases, but less, 
and R.Q. during the minute of exercise is low. During recovery the 
oxygen debt is paid rapidly, as well as CO, accumulation, and O, con- 
sumption and ventilation both return to normal within four minutes. 
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We have, therefore, collected expired air during the fifth minute after 
exercise, and used the oxygen consumption during this minute, as a 
measure of recovery from mild exercise. This technique was worked 
out only during the latter part of the experiments we are now report- 
ing. We are indebted to the work of Nylin** for the basis of this exer- 
cise and recovery technique. 

(c) Aeration of arterial blood. Slowing of blood flow through the 
lungs, in the absence of vascular congestion, is probably not an impor- 
tant factor in arterial oxygen unsaturation, so long as the alveoli are 
aerated and the breathing surface is adequate. If this is true, then the 
problem of arterialization of the blood is one confined to the distribu- 
tion of blood through pulmonary vascular tree; that is, perfusion of 
alveolar capillaries, on the one hand; and distribution of air and dif- 
fusion of respiratory gases, on the other. 

Variations in resting level of CO, content of arterial blood need not 
be discussed here, as in our clinical eases it was within normal limits. 
Arterial CO, tension, if low, with increased pH, may of course indicate 
actual overventilation. 

In our technique, arterial blood specimens were obtained at rest and 
during the first minute after exercise, actually between thirty seconds 
and one minute after. Three measurements of this exercise blood are of 
special interest. 

First, arterial oxygen saturation. A significant fall in this value, 
below resting level, indicates a defect in ventilation of perfused alveoli; 
usually, in our cases, it appeared to be that some blood perfused rela- 
tively poorly ventilated air pockets, or else that in these air pockets 
actual alveolar surface available for diffusion was inadequate, rather 
than that there was a deficiency in total air volume breathed. 

Second, the change in level of the CO, dissociation curve. In exercise, 
as Dill and his associates'® have shown, a fall in this CO, curve level is 
due largely to lactic acid accumulation, derived from muscle metabolism. 
We have recorded this value (Fig. 5) as CO, at 40 mm. pressure. 

Even in mild exercise it is usual for a normal individual to show a 
slight lactic acid accumulation, or a fall in the CO, curve; in our tech- 
nique, with normal subjects there was a fall of from two to four vol- 
umes per cent. 

Abnormal fall of the CO, curve in exercise may occur in persons with 
normal pulmonary and circulatory apparatus simply from very poor 
muscular training. Increased lactic acid formation is also favored by 
inadequate oxygen supply to the tissues, and perhaps by inadequate 
CO, elimination. All these factors must be weighed in a given case, and 
an exact interpretation may be impossible. 

The third factor is the CO, pressure in the arterial blood. This is the 
same as the mean alveolar CO, pressure. In exercise there may be a 
slight increase in normal subjects, particularly if poorly trained. A 
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large increase suggests poor elimination of CO, by the lungs; or it may 
be induced by excess acid accumulation in the blood. 

III. Mechanics of Blood Flow.—Pulse rate and arterial blood pres- 
sure need no comment. Electrocardiograms were taken in all clinical 
cases. 

We had no reliable method for cardiac output, since in all our eases 
air distribution through the lungs was defective. 

We have been especially interested in the venous return flow of blood 
to the heart, and in the circulation through the pulmonary vaseular bed. 
Methods of measurement have been: (1) circulation time, arm to lung 
(ether), and arm to carotid sinus (NaCN); (2) arm venous pressure, 
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during infusion and recovery period following exercise 
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Fig. 6.—Venous pressure in mm. of water, zero point taken 50 mm. below angle of 
Louis. Open dots = venous pressure during and after 1500 c.c. intravenous saline in- 
fusion. Solid dots = venous pressure following exercise. 


direct method of Moritz and von Tabora, at rest, using the arm oppo- 
site to the major pulmonary lesion; (3) venous pressure during five 
minutes after exercise; (4) venous pressure during and after a rapid 
1,500 ¢.ce. saline infusion (Caughey’®). With this procedure vital ca- 
pacity is also taken to give evidence of accumulating pulmonary vas- 
cular congestion. The results of this test, in various conditions, are 
being reported elsewhere.’” Briefly, some of the findings are as follows: 

1. Normal subject (Fig. 6). Venous pressure does not rise over 100 
mm. Circulation time shorter or the same. Vital capacity unchanged 
(error of method + 100 e@.c.). 

2. Compression of the superior vena cava. Venous pressure elevated 
in arm (normal in leg) ; may rise further during infusion; returns to 
resting level quickly after infusion. 
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3. Constriction at heart (constrictive pericarditis). Venous pressure 
high; rises further in infusion. Circulation time prolonged; does not 
change further after infusion. Vital capacity unchanged. 

4. Right heart failure. Venous pressure high; rises rapidly during 
infusion, remains elevated after infusion. Cireulation time may be fur- 
ther prolonged during infusion. Vital capacity unchanged. 

5. Left heart failure. Venous pressure normal at rest, changes rela- 
tively little during infusion. Circulation time further prolonged dur- 
ing infusion. Vital capacity much decreased during infusion, due to 
pulmonary passive congestion. 
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Fig. 7.—¥or explanation of chart, see Fig. 3. 


RESULTS 


The first case is that of a woman forty-two years of age, slightly 
obese, with a history of chronic pulmonary tuberculosis of sixteen years’ 
duration. She had a eavity at the left apex, with scattered areas of in- 
filtration in the left lung. She had also a large fibromyoma of the uterus, 
for which hysterectomy was indicated. The practical questions that were 
presented in the treatment of this patient were: (1) How severe was 
this patient’s respiratory and circulatory dysfunction, and what was its 
nature? (2) Could she undergo thoracoplasty? (3) Would her phys- 
ical condition be worse, the same, or better after operation? (4) After 
the thoracoplasty, could she then undergo hysterectomy ? 
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In this patient (Fig. 7, See. I) there was shrinkage of the left chest, 
but a large amplitude of motion of both diaphragms. Lung volumes 
were decreased in all components, with slight increase of the mideapacity- 
total capacity ratio. Breathing capacity was slightly below 40 liters, 
or about 50 per cent of normal. During and following the standard 
type of exercise, the patient had mild transitory dyspnea. 

Oxygen intake during exercise was ample, but required abnormally 
high ventilation (Fig. 8, See. I). CO, output was not excessive, as 
shown by decrease in R.Q. Moreover, CO, tension in arterial blood in- 
creased appreciably after exercise, though oxygen saturation was nor- 
mal. There was also a large drop in level of CO, curve, indicating 
lactie acid accumulation. 
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Fig. 8.—For explanation of chart, see Fig. 5. 


The patient’s actual dyspnea was probably due to the fact that ven- 
tilation was high, and breathing capacity low, in accordance with Pea- 
body’s general principle of respiratory and ventilatory reserve. 

The figures on gas transport suggest the findings in poorly trained 
normal individuals. 

Cardiovascular function appeared to be normal. Pulse rate did not 
increase abnormally, electrocardiogram normal at rest and after exercise. 
Venous pressure was high at rest, but showed no increase during in- 
fusion (Fig. 9, See. I). The elevation was probably on a mechanical 
basis due to mediastinal shift. 

It was decided that thoracoplasty in successive small stages was justi- 
fied, Three upper ribs were first removed (Fig. 7, Sec. II). During 
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the postoperative course, uneventful otherwise, dyspnea appeared even 
upon moving in bed, explained by the increase in resting ventilation and 
the decrease in breathing capacity. 

Then in two further stages, six more ribs were removed, the three last 
to prevent locking of the shoulder blade, resulting in a large chest wall 
collapse, but leaving a fairly large-sized pocket of lung above a nor- 
mally functioning diaphragm (Fig. 7, Sec. III). 

Two months after the last stage, total hysterectomy was performed 
successfully. One month later slight physical activity was resumed. 
Clinically the patient was slightly dyspneie on mild exertion, about the 
same in this regard as before operation. At that time the breathing 
capacity, in spite of a relatively large vital capacity decrease, was 
only slightly less than before thoracoplasty. 


VENOUS PRESSURE, VITAL CAPACITY, 
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Fig. 9.—For explanation of chart, see Fig. 6. 


The response to exercise shows a definite improvement in the handling 
of gas transport by the lungs (Fig. 8, Sec. III). Concentration of 
oxygen removed from inspired air increased to 5.1 per cent. Ventila- 
tion was smaller, and yet actual intake of oxygen during exercise was 
just as great as before operation. Furthermore, the lactic acid accumu- 
lation in the blood was now slightly less than before operation, though 
still over normal limits, and arterial CO, tension actually decreased 2 
mm. after exercise, instead of the increase of 3 mm. noted in the pre- 
operative exercise period. 

Venous pressure, as often observed in left chest wall collapse, was 
lower than before operation and showed only small change after in- 
fusion (Fig. 9, See. III). 
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Thus in this case, neither the venous pressure nor the oxygen satura- 
tion after operation suggested the congestion in the contralateral lung, 
which MeIntosh’ found in the eases which he studied. 

In summarizing the results in this case, we may say that clinically an 
extensive operation was carried out, at the end of which the patient’s 
physical capacity, or tendency to dyspnea, was practically unchanged. | 
Physiologically it appeared that loss of anatomic breathing capacity 
was compensated for by improved ventilatory function in the remaining 
lung tissue. This was probably due to elimination of an inadequately 
ventilated area, and maintenance of a well-ventilated air pocket at the 
base on the operated side. 
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Fig. 10.—For explanation of chart, see Fig. 3. 


The second case was a girl of twenty-five years, with a ten years’ his- 
tory of tuberculosis; two years before admission, she developed an ex- 
cavating tuberculous pneumonia in the right upper lobe. Phrenic 
exairesis, eighteen months before admission, had not closed the cavity. 

Though dyspneie on exertion, her general condition was good, and 
there was no doubt that thoracoplasty was indicated. Several questions, 
however, were presented. First, how does phrenic paralysis itself af- 
fect ventilation, gas transport, and the mechanics of the circulation in 
this ease? Second, what are the relative effects upon dysfunction of the 
actual tuberculous lesion, as compared with those due to phrenic paraly- 
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sis? Third, what should be the extent of the rib resection, in order to 
eliminate poorly functioning lung and save well functioning lung? Is 
the preservation, for instance, of an aerated pocket above the paralyzed 
diaphragm a good thing or not? 

The examination of this patient in the preoperative state (Fig. 10, 
See. I) demonstrated that she had the characteristic features of phrenic 
paralysis: lung volumes were diminished, with low vital capacity, rela- 
tively high residual air values, and high mideapacity-total capacity 
ratio. Also spirometric tracings were typical, in which the end of the 
prolonged forced expiration hardly reached the midposition. Fluoros- 
copy showed paradoxical movement of the diaphragm, and mediastinal 
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Fig. 11.—For explanation of chart, see Fig. 5. 


sway. These disturbances of the ventilatory mechanism resulted in a 
considerable loss in breathing capacity. 

As seen on the gas transport chart (Fig. 11, See. I), the findings at 
rest in this case were practically within normal limits. Arterial oxygen 
saturation, in particular, was normal. The measurements during exer- 
cise, however, showed marked evidence of dysfunction. Ventilation was 
greatly increased, but with little increase in concentration of CO, elimi- 
nated or O, absorbed. In the arterial blood,-oxygen saturation after 
exercise was markedly decreased. Furthermore, arterial CO, tension 
was also increased, while at the same time lactie acid accumulation, as 
shown by change in level of CO, curve at 40 mm. tension, was not great, 
but well within normal limits. Thus the whole exercise response points 
to inadequate pulmonary function: inefficient ventilation, and perfusion 
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of blood through inadequately aerated spaces. Whether the loss of bal- 
ance between circulation and local ventilation was limited to the dense 
upper lobe or extended also to the pocket of air above the diaphragm, 
was at that time a matter of conjecture. 

There was also a further contributory factor to be taken into consid- 
eration: that is, the abnormal response of the cardio-circulatory tests 
(Fig. 12, See. I). Resting level of venous pressure was above high nor- 
mal value, there was increased pressure following infusion and persist- 
ing after its cessation, a significant decrease in vital capacity after in- 
fusion, and slow circulation time. All these features we have frequently 
encountered in cases of phrenic paralysis. They suggest the possibility 
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Fig. 12.—For explanation of chart, see Fig. 6. 


of pulmonary vascular congestion of mild degree. With no sign of 
organic cardiac lesion, or myocardial damage, these findings may be re- 
lated to the recognized abnormalities in the small pulmonary blood ves- 
sels on the side of phrenic paralysis, associated with destruction of auto- 
nomic nerve fibers at the time of phrenic avulsion'®; or might also sug- 
gest kinking of the short, large, and thin pulmonary veins, as a result 
of rise of the diaphragm, cardiac rotation, and possibly chronic medias- 
tinitis; or congestion in the contralateral lung, as suggested by Mce- 
Intosh.t. This tendency to pulmonary congestion, comparable to some ex- 
tent to that observed in mitral stenosis, was confirmed by the slow re- 
turn of venous pressure to initial values after exercise. In passing, 
it is pointed out that congestion in the area above the paralyzed dia- 
phragm might well be a favorable field for the development of the fre- 
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quently observed postoperative pneumonia, which often proves not to be 
of tuberculous origin. 

Disturbance of breathing mechanism, shunting of blood, and tendency 
to pulmonary congestion, were thus the main characteristics of the pre- 
operative state. 

The apparent tendency to pulmonary congestion led us to recommend 
that the use of intravenous fluids be employed cautiously in the imme- 
diate postoperative care of the patient. 

At the first operation four ribs were resected (Fig. 10, See. II). The 
postoperative course was easy. Exercise studies were not made at this 
time. 

Lung volumes showed only a slight decrease in residual air, perhaps 
suggesting that the air content of the collapsed area had been small. 

Four more ribs were then resected, and part of the large air pocket 
above the diaphragm was collapsed (Fig. 10, See. III). There was a 
correspondingly marked decrease in residual air, and a further lowering 
of the vital capacity. In contrast, the breathing capacity was some- 
what increased to almost 50 liters, although the amplitude of each breath 
in this maximal breathing was smail. 

The response to exercise at this time showed the patient to be still 
dyspneie, in fact more so than before operation. This was apparently 
immediately due to the very high ventilation in exercise, approaching 
maximum breathing capacity. High ventilation resulted in low per- 
centages of O, absorbed from the air, and CO, eliminated (Fig. 11, See. 
III). It might be noted that the patient’s breathing during and after 
exercise at this time was not shallow, but rather deeper than in the pre- 
operative period. 

Turning to the blood values for explanation of this high ventilation, 
one finds that oxygen capacity was low, and oxygen saturation also 
decreased in exercise. CO,, on the other hand, did not accumulate. 
The oxygen unsaturation suggests that the air pocket, remaining above 
the diaphragm after operation, was still poorly ventilated. This pocket 
is not well shown in Fig. 9, but was clearly seen in the original x-rays. 
It may have been one of those pockets described by Bjorkman, from 
which CO, is eliminated, but no oxygen absorbed. 

The state of the circulation had been modified to some extent (Fig. 
12, See. III). The resting level of venous pressure was slightly lower ; 
following infusion, venous pressure went up to 170, to return almost to 
the original level after ten minutes. There was no appreciable change 
in vital capacity. The circulation time was still slightly prolonged, but 
to a lesser degree. The state of congestion, in spite of a large reduction 
on the pulmonary vascular bed, had been, if anything, lessened. 

The findings in this case are thus similar to those reported by Me- 
Intosh.1. There is, however, little qualitative change between preopera- 
tive and postoperative states. 
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Summarizing the result in this patient, one may say that her tuber- 
culous process was rendered inactive, and that physically she was slightly 
more dyspneic than before. It is possible that after improvement in her 
hemoglobin, and with better muscular training, her physical capacity 
will improve. 

The third ease is that of a girl of twenty-one years who was treated 
for a recent excavating right upper lobe tuberculous pneumonia by 
artificial pneumothorax. After a period of six months during which 
there was a considerable improvement in her general condition, she was 
brought up for consideration of thoracoplasty because of (1) the ineffi- 
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Fig. 13.—For explanation of chart, see Fig. 3. 


ciency of the artificial pneumothorax, which resulted in the selective 
collapse of the apparently nondiseased lobe, (2) the persistence of posi- 
tive sputum, and (3) the development of a benign tuberculous empyema. 

Because of the clearing of the empyema after her operation, favoring, 
and eventually favored by, the reexpansion of the lower lobe, it was pos- 
sible to study in this case (1) the extent of dysfunction in an unsatis- 
factory type of collapse, (2) the effect of limited thoracoplasty, and 
(3) the results of reexpanding the collapsed part of the lung. 

Before thoracoplasty, the restriction in lung volumes was marked, as 
expected (Fig. 13, See. I). There was slight arterial unsaturation 
at rest. 
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Exercise resulted in the development of a mild degree of dyspnea, 
due mostly to the considerable restriction of the breathing capacity. 

Referring to the gas transport by the lungs at this time (Fig. 14, See. 
I), one finds an increase in total ventilation during exercise that is 
within normal limits, and a fairly good increase in percentage of oxy- 
gen absorbed from inspired air. CO, output is rather small; this also 
is found at times in normal individuals. In other words, the manage- 
ment of air exchange by the existing functioning lung appears to be 
accomplished fairly efficiently. Unfortunately, we do not have the 
measurements during the fifth minute of recovery in this case at this 
time. Such a measurement would have given a better index of adequacy 
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of handling of respiratory gases by the lungs. On the other hand, the 
arterial blood shows marked defects in aeration during exercise. There 
is a considerable further decrease in oxygen saturation, a large fall in 
CO, level at 40 mm. pressure (or lactic acid accumulation), and a large 
rise in arterial CO, pressure. 

The situation here is somewhat similar to that of the previous case, 
but differs from the latter in the absence of a large volume of ventila- 
tion during exercise. We suggest that in this present case the findings 
are consistent with the presence of a perfusion of blood through regions 
of lung which are not ventilated at all. 

Venous pressure resting level was 65 mm. (Fig. 15, See. I) and in- 
creased during infusion to 120, to come back rapidly to the normal 
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starting level, a slight increase above normal probably related to the 
mechanical effect of positive pressure in the pneumothorax pocket. 

Operation was performed with resection of five ribs and extensive 
collapse of the right upper lobe. Two months after operation, the 
measurements of the second group were made. 

Lung volumes had not changed (Fig. 13, See. II), suggesting that the 
upper lobe previous to collapse, had contained but little air. 

The maximum ventilation increased somewhat. 

Exercise resulted in a greater ventilation increase with larger CO, 
output (Fig. 14, See. II). The patient had been at rest in bed since 
operation, and was, therefore, in poor muscular training. Even at this 
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time, however, the arterial blood after exercise was markedly improved : 
arterial oxygen saturation was normal, change in CO, level at 40 mm. 
was less, and inerease in arterial CO, tension only slight. Thus it was 
apparent that the region through which blood had been flowing without 
aeration, had been eliminated by the operation. 

As a probable result of the collapse of the chest wall and obstruction 
to the flow of venous blood in the superior vena cava (Fig. 15, See. IT), 
and a possible restriction of the capacity of the pulmonary circulatory 
bed, the venous pressure was slightly above normal, increasing to the 
very high figure of 240 mm. after infusion, with moderately slow return 
to the initial level. 

In the next two and a half months, the right lower lobe was allowed 
to reexpand; and the patient gradually resumed ambulatory activity. 
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Examination at this time showed a considerable increase in lung vol- 
umes and in maximum breathing eapacity (Fig. 13, See. III). Greater 
breathing capacity, less ventilation increase during exercise, explains 
the total absence of dyspnea (Fig. 14, See. III). It will be seen that O, 
intake during exercise has become large, with increased efficiency of 
ventilation, that is, percentage of oxygen absorbed from inspired air has 
increased. In the arterial blood, O, saturation is normal after exercise, 

_ there is only a small fall of CO, level at 40 mm. pressure, and the CO, 
tension in arterial blood after exercise is decreased. 

A good evidence of efficient pulmonary and circulatory function and 
of physical fitness is demonstrated by the rapid return of ventilation to 
normal level in the fifth minute of recovery following exercise, and the 
very small O, debt at that time. 


The only abnormalities were the persistence of changes already men- 
tioned, in the level of venous pressure at rest and following infusion 
(Fig. 15, See. III). As the vital capacity did not decrease appreciably 
during infusion, it is probable that the part played by congestion of a 
restricted pulmonary capillary bed was slight, especially in view of the 
fact that venous pressure after exercise returned rapidly to original 
level. Electrocardiogram was also normal. These findings suggest that 
actual cardiac function was not greatly disturbed. The chief cause of 
high venous pressure probably lay in the mechanical obstruction to the 
venous flow in the mediastinum caused by chest wall collapse. The 
elevation of venous pressure during infusion, together with a normal 
response after exercise, is a phenomenon which we have observed in 
several cases. Its significance is not altogether clear. It would seem 
either that active blood volume does not inerease in these cases during 
exercise, or else that with increased activity of the breathing mechanism 
in exercise, a potential slight congestive state of the venous vascular 
bed is prevented. 


Summarizing this case, one may say that before operation, in addi- 
tion to clinically active tuberculosis, physiologic tests showed both limited 
breathing capacity with dyspnea, and defective aeration of arterial 
blood. It was possible to demonstrate that by operative collapse of the 
upper lobe, aeration of blood returned to normal; whereas by subse- 
quent reexpansion of a functioning lower lobe, physical capacity in- 
creased and dyspnea disappeared. 


SUMMARY AND CONCLUSIONS 


1. Methods are deseribed for the investigation of respiratory and cir- 
culatory funetion, in moderately or greatly incapacitated subjects. 

2. Basie features of these methods are: 

(a) Measurement of lung volumes, ventilation, and maximum breath- 
ing capacity. 
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(b) Study of transport of respiratory gases between outside air, lung, 
and tissues at rest, during exercise, and during recovery after exercise. 

(c) State of venous return flow and of the circulation in the pul- 
monary vascular bed, as measured at rest, during intravenous infusion, 
and during recovery after exercise. 

3. Of the eleven patients with pulmonary tuberculosis who have been 
studied both before and at intervals after thoracoplasty, three are re- 
ported in detail. The attempt has been made to evaluate respiratory — 
and circulatory function in each patient at each stage of his condition. 

4. The first ease had left upper lobe tuberculosis with cavitation. Be- 
fore operation, there was moderate dyspnea during light exercise, asso- 
ciated with large total pulmonary ventilation, poor oxygen utilization, 
and increase of arterial CO, tension. After operative collapse of the 
diseased left upper lung, exertional dyspnea was practically the same 
as before operation. It was found that a decreased breathing capacity, 
due to chest wall collapse, was compensated for by more efficient air 
exchange in the remaining good lung: ventilation in exercise was smaller, 
oxygen utilization of inspired air greater, and there was no accumula- 
tion of CO, in the arterial blood after exercise. 

5. The second case had dense fibrotic tuberculosis, with cavitation, in 
the right upper lobe; and had had a phrenic exairesis two years previ- 
ously. There was great reduction of lung volumes and breathing 
capacity. The response to exercise in this subject, in the preoperative 
state, showed high ventilation, poor oxygen utilization, low arterial 
oxygen saturation, indicating inadequate pulmonary function. Results 
of venous pressure and vital capacity measurements after intravenous 
infusion, suggested some congestion in the pulmonary vascular bed. 
After operation, the diseased upper lobe was collapsed, but an air pocket 
remained over the paralyzed diaphragm. Functional studies in the 
postoperative state showed essentially the same abnormalities as in the 
preoperative state. Dyspnea postoperatively was somewhat increased. 

6. The third case had had a recent excavating right upper lobe tuber- 
culosis. Artificial pneumothorax had failed to collapse the diseased 
lung, but had collapsed the nondiseased lower lobe. A benign tuber- 
culous empyema had developed. Restriction in lung volumes and breath- 
ing capacity was marked. During exercise, ventilation was not abnor- 
mally large. After exercise, there was arterial oxygen unsaturation, 
large lactic acid accumulation (fall in CO, curve), and rise in arterial 
CO, tension. Following operative collapse of the diseased lung, arterial 
oxygen saturation after exercise was normal, suggesting that a non- 
aerated region through which blood had been flowing previous to opera- 
tion was now eliminated. Breathing capacity was still much restricted ; 
venous pressure after intravenous infusion was greatly increased. The 
right lower lobe was then allowed to reexpand gradually. Subsequent to 
this, the patient’s physical capacity was greatly improved: ventilation 


after exercise was normal, with good oxygen utilization; arterial oxygen 
saturation normal, change in level of CO, curve was small. Exercise was 
accomplished without dyspnea. 

7. As to the particular effects of pneumothorax, phrenic paralysis, or 
thoracoplasty upon circulorespiratory function, no general conclusions 
can be drawn, on account of the limited number of cases in each cate- 
gory that have so far been studied. 

8. Very poor physical or muscular training seems frequently to be an 
important factor in physical disability in all these cases. 

9. From the total group of eleven cases investigated, it appears that 
the level of vital capacity is not a good criterion, either of functional 
capacity (dyspnea), or of operative risk. The ratio of actual ventilation 
to maximum ventilation is a more satisfactory index of dyspnea. 
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A STUDY OF THE CHANGES IN CARDIORESPIRATORY 
PHYSIOLOGY FOLLOWING TOTAL PNEUMONECTOMY 
IN YOUNG DEVELOPING ANIMALS 


B. N. Carrer, M.D., J. J. Loncacre, M.D., anp L. McG. Quint, M.D.* 
CINCINNATI, OHIO 


I. INTRODUCTION 


HE capacity to repair itself is an inherent characteristic of living 

tissue. Living cells respond to injury by proliferative changes, tend- 
ing toward the restoration of normal form, structure, and function in the 
tissue or organ of which they are a part. This process, however, is not 
carried out in all instances to an equal degree of perfection. It is gen- 
erally maintained that the less specialized the structure of the part, the 
more complete the restoration. Within the last two decades, it has been 
shown that the capacity for further growth of the organism (in short, the 
age) considerably modifies the thoroughness of the restoration. 

The classic work of Alexis Carrel’ (1916) and P. Lecomte du Noiiy?* 
(1919) have demonstrated with mathematical precision that the younger 
the individual, the more rapid is the wound healing. It has, likewise, 
been demonstrated in tissue culture work that the younger the tissue, the 
more rapid is its growth. In 1932 MeKay, McKay and Addis’> demon- 
strated that the hypertrophy of the remaining kidney was most marked 
in those rats which were the youngest, when one kidney was removed. 
These are but a few examples to illustrate the effect of the ‘‘eurve of 
motion of growth’’ on repair. According to Todd,® the adult physical 
pattern is the outcome of growth along lines determined by heredity ; 
but enhanced, dwarfed, warped, or mutilated in its expression by the 
influences of its environment. 

Perusal of the thoracie surgical literature with this point in mind is 
instructive. In 1892 Hassler,’ after the removal of one lung in a dog 
ten weeks old, found that the remaining lung after six months completely 
filled the thorax, and showed histologically normal structure with alveoli 
of normal size. He emphasized the point that this was an instance of 
‘true hyperplasia’’ in Virchow’s sense of the word. Moéhlgaard and 
Rovsing® (1910) recognized that true hyperplasia of the remaining lung 
following pneumonectomy occurred only in young animals as against a 
compensatory dilatation in the adult animals. Similar examples have 
been found in human beings {[Kawamura® (1914), Knott!® (1934) ]. 

More recently, Hilber’' (1934) noted in rats, that following the re- 
moval of one lung there was, at first, increase in size of the remaining 
lung, due to simple distention of the alveoli. He found, however, that 


*From the University of Cincinnati, College of Medicine, Department of Surgery, 
Cincinnati General Hospital. 

Read before the Twentieth Annual Meeting of the American Association for 
Thoracic Surgery at Saranac Lake, N. Y., May 31, June 1, 2, 1937. 
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this stage was gradually replaced by true regeneration of normal lung 
tissue, with an actual increase in the number of respiratory units, each 
containing new alveoli of normal size and structure, along with actual 
remodeling of the bronchial tree. (In interpreting Hilber’s results, it is 
necessary to bear in mind that in rats, according to Donaldson,” the 
growth factor is present through a considerable part of its life span.) 

Rienhoff, Reichert, and Heuer™® (1935) came to the conclusion that 
compensatory changes in an adult dog, living six months after pneumo- 
nectomy, consist of a ‘‘simple dilatation of the respiratory lobules, made 
up of the bronchiolus respiratorius, the ductus alveolaris, the atria, the 
sacculi alveolaris and the alveoli. This dilatation is in no sense an em- 
physema and there is no interruption or diminution of the elastic tissue, 
or fusion of alveoli, to suggest pathological change in the lung paren- 
chyma. There is no increase in the number of bronchial trees, or in 
their pattern, and, apparently, the blood vascular system, except for 
a possible dilatation, is unaffected.’’ 

Bremer’s'* (1937) recent work has clarified the situation considerably 
by accounting for the disparity in the above observations. He definitely 
demonstrated that, following removal of one lung in a young developing 
mammal, actual regeneration of new alveoli and respiratory units occurs, 
marked by the presence of tubular sprouts, indicative of normal growth. 
He goes further to demonstrate that when a total pneumonectomy is 
performed on a mammal that has ceased growing, enlargement of the 
remaining lung is brought about by dilatation of the alveoli and disten- 
tion of the respiratory units. 


Il. EXPERIMENTAL STUDY 


Thus, as can be seen, the hyperplastic regeneration of the remaining 
lung in young mammals has often been recognized, and in a few in- 
stances, these changes have been contrasted with the dilatation occurring 
in adult animals. As far as we can determine, there has been no 
physiologic study made, which contrasts the degree of compensatory re- 
turn of function in young pneumonectomized animals with that of adult 
animals following pneumonectomy. 

The purpose of this study is to determine the degree of compensatory 
return of function in young pneumonectomized animals and to contrast 
this degree of function with their normal control mates, and with the re- 
turn of function in adult animals following pneumonectomy. A litter of 
6 puppies was chosen. In 3 of these animals, the lung was removed at 
the age of one month, using the technique described by one of the 
authors.*> The remaining 3 puppies were kept as controls. In addition, 
in 3 normal adult dogs (previously calibrated as to their response to 
moderate-severe and absolute strain) a total ablation of the left lung was 
performed by the same technique. Six months, and again nine months, 
after pneumonectomy, all the animals were subjected to the following: 
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A. Moderate-Severe Strain.—In our earlier work,'® it was noted that 
following pneumonectomy in adult dogs the cardiorespiratory reserve 
was still sufficient for resting conditions and moderate strain, but that 
as the amount of strain was increased, the impairment of cardiorespira- 
tory reserve became increasingly apparent. 
sueceeding runs months later there was a tendency for the animals to 


show increasingly less embarrassment. 


In our present work, in order to subject the cardiorespiratory unit to 
severe strain, each animal was run for two hours in the treadmill. In 
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all the exercise experiments the same routine was followed. The pulse, 
respiration, and temperature were determined with the animal at rest. 
The arterial blood was now obtained by the femoral artery puncture, and 
introduced under oil into vials containing potassium oxalate crystals. 
The animal (previously trained) was then placed in a motor driven 
treadmill and run for a period of two hours, traversing 4,600 meters; at 
the end of the run, the arterial blood was drawn and the pulse, respira- 
tion, and temperature changes noted. The oxygen determinations were 
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then made on a Van Slyke and Neill manometric blood gas apparatus. 
The oxygen capacity of the arterial blood, both before and after the run, 
was then determined, and the per cent of change in the saturation of the 
arterial blood during the run noted. It is felt as a result of these find- 
ings that the changes in oxygen saturation of the arterial bloods under 
this condition of strain are an index of the integration of the three main 
factors in the respiratory system, namely, the effectiveness of ventilation, 
the diffusion of gases, and the perfusion of the lungs. The following are 
the results obtained : 

1. Six Months Postpneumonectomy.—The pneumonectomized puppies 
showed slightly more elevation of pulse and respiration than did their 
normal control mates, and about the same change as the adult dogs, six 
months postpneumonectomy. As far as the saturation of their arterial 
blood goes, there was less embarrassment demonstrated by the one-lung 
puppies than by their normal control mates. They also were able to 
saturate their arterial blood far better than the pneumonectomized adult 
dogs. In terms of rise in temperature during the run, there was little 
difference noted between the one- and two-lung puppies, while the adult 
pneumonectomized dogs showed three times as great a temperature rise. 
For details, see Charts 1 and 2. 

2. Nine Months Postpneumonectomy.—Following the two-hour run 
both pneumonectomized and control puppies showed about the same 
elevation of pulse and respiration, and the same is true for the degree of 
fall in saturation of the arterial bloods. The adult pneumonectomized 
dogs continued to show considerable embarrassment, not only as far as 
pulse and respiration and fall in oxygen saturation of the arterial blood, 
but clinically as well. The adult animals were almost completely ex- 
hausted as compared to the relatively fresh appearance of both the 
pneumonectomized and control puppies. It is realized full well that the 
number of animals in the above series is not sufficient for accurate 
biomathematie analysis, but it is felt that the above results are sufficiently 
consistent to demonstrate that the cardiorespiratory reserve of the pneu- 
monectomized puppies (now adult dogs) is not impaired when compared 
with their normal control mates. On the other hand, the pneumonec- 
tomized adult dogs still show considerable embarrassment. In short, 
there seems to be no impairment in ventilation, diffusion of gases, or 
perfusion of blood through the remaining lung in the grown dog (pneu- 
monectomized as a puppy), but the same does not hold true for the 
pneumonectomized adult dog. 

B. Absolute Strain as Measured by the Anoxemia Test.—In our earlier 
work’® the anoxemia test was developed to put the ultimate degree of 
strain on the eardiorespiratory unit and yet spare the animal. The 
animals were made to breathe room air in a closed system, the carbon 
dioxide being removed and the oxygen being gradually consumed by the 
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animal to a certain critical point. This end point was found to be quite 
definite and to be recognized by the following phenomena: 

(1) Loss of consciousness with wide dilatation of the pupil; (2) Loss 
of both urinary and rectal sphineter control; (3) Cessation of respira- 
tions (except for occasional gasps) ; and (4) Complete loss of all muscle 
tone. In our earlier work we used the loss of muscle tone as our end 
point ; in the present work we have carried the animals just a bit further 


BODY WEIGHT AND MEASUREMENTS 
THE FIGURES REPRESENT THE MEAN OF 
(J 3 NORMAL CONTROL PUPPIES 
3 PNEUMONECTOMIZED PUPPIES 


er 


WEIGHT IN KILOGRAMS 


IN CENTIMETERS 


HEIGHT 


P NE Uw ON EGTOMY 


LENGTH IN CENTIMETERS 


IMONTHS BEFORE AFTER GMONTHS 


Chart 3. 


—to the point where all respirations have ceased. (Hence our values in 
this series will be lower than in the past, but they are comparable 
throughout the series. We have done this because we feel that this sub- 
jects the animal to the most critical test in the attempt to get an absolute 
measure of the cardiorespiratory reserve.) At this point, although all 
respirations have ceased, the heart was still beating. All animals were 
carried to this end point and were then cut out of the system by means 
of a three-way valve and resuscitated with artificial respiration and 
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oxygen. Samples taken from the closed system at the end of the test 
were collected over mercury, either in Bailey bottles or Aempel pipettes, 
and analyzed in the manometric Van Slyke apparatus. 

The values for normal developing puppies (4.3 to 5.4 per cent oxygen) 
were found to be higher than those for normal adult dogs (2.2 to 2.4 per 
cent oxygen) before pneumonectomy. An analysis of the average values 
reveals very little difference between the pneumonectomized puppies 
(4.23 per cent at six months, 3.1 per cent at 9 months) and their normal 
control mates (4.9 per cent at six months, 3.5 per cent at 9 months). 
These values also show the tendency of the value to fall as the animals 
approach maturity. The values for the pneumonectomized adult dogs 
(2.83 per cent at nine months, 3.3 per cent at six months) are still more 
than 25 to 40 per cent higher than their preoperative normals (2.3 per 


cent). 
TABLE IIT 
Bopy WEIGHT AND MEASUREMENTS OF PUPPIES 
Srx MontTHus 


PNEUMONECTOMY CONTROLS 
WEIGHT | HEIGHT | LENGTH WEIGHT | HEIGHT | LENGTH 
KILO — KILO cM. 

624 15.4 627 14.8 82 

625 15.9 628 18.0 84 

626 14.7 629 18.0 84 
Average 15.3 6 16.9 : 83.3 


NINE MONTHS 


PNEUMONECTOMY CONTROLS 
WEIGHT | HEIGHT | LENGTH WEIGHT | HEIGHT | LENGTH 

KILO CM. cM. 

624 20.0 50 

625 V2 50 

626 15.0 50 

Average 17.4 50 


D. Body Weights and Measurements.—At the age of one month, the 
sturdiest puppies were selected and pneumonectomized. It was noted, 
however, that the normal control puppies grew a little more rapidly than 
did the pneumonectomized puppies. In consequence, measurements were 
made of height, length, and weight of the dogs at six months, and again 
at nine months. 

The accompanying figures (see Chart 3) indicate this disparity at the 
six-month period, but in the succeeding three months, the pneumonecto- 
mized puppies seemed to grow at a more rapid rate than their normal 
control mates, so that by the end of nine months (when this particular 
specie of dog attains its maximum skeletal growth) there is but relatively 
little difference in height, length, and weight. This suggests that follow- 
ing pneumonectomy, there is a slowing up of growth, but as compensa- 
tory changes occur, the rate of motion of growth is increased sufficiently 
that the pneumonectomized puppy attains full growth by the time it 
reaches maturity. 
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SUMMARY AND DISCUSSION 


A review of the literature shows that the anatomic changes (hyper- 
plastie regeneration) of the remaining lung in young animals has often 
been recognized and, in a few instances, these changes have been con- 
trasted with the dilatation occurring in adult animals following pneu- 
monectomy. As far as could be determined, there has been no physiologic 
study made which contrasts the degree of compensatory return of func- 
tion in young pneumonectomized animals with that of adult animals fol- 
lowing pneumonectomy. 

The purpose of this study has been to determine the degree of com- 
pensatory return of function in young pneumonectomized animals and 
to contrast this degree of function with their normal control mates, and 
with the return of function of adult animals following pneumonectomy. 
A litter of six puppies was chosen. In three of these the left lung was 
removed at the age of one month. The remaining three puppies were 
kept as controls. In addition three adult dogs (previously calibrated as 
to their response to moderate-severe and absolute strain) were pneumo- 
nectomized. Six months and again nine months after pneumonectomy, 
all the animals were subjected to moderate-severe (two hours on the 
treadmill, traversing 4,600 meters) and absolute strain (anoxemia test), 
to determine the degree of impairment of their cardiorespiratory reserve. 

At six months, the one-lung puppies showed more elevation of pulse 
during the two-hour run than did their control mates, but as far as their 
ability to saturate their arterial blood, they held a better record than 
their normal mates. At nine months, the degree of elevation of pulse and 
respiration, as well as the degree of fall in the saturation of their arterial 
bloods are about equal; so much so that it is impossible to tell from their 
records, which are the pneumonectomized animals and which are the 
controls. Their response to the anoxemia test, which subjects their 
cardiorespiratory unit to absolute strain, and thereby gives us the best 
measure of the cardiorespiratory reserve, shows no impairment whatso- 
ever of the pneumonectomized puppies (now adult dogs), as compared 
with their normal control mates. 

As to the dogs pneumonectomized after they had attained their ma- 
turity, there is still impairment of their cardiorespiratory reserve, even 
six to nine months postpneumonectomy, as indicated by the failure to 
saturate their arterial blood as efficiently as before pneumonectomy. The 
same impairment is noted in their inability to eliminate heat during the 
two-hour run on the treadmill. Also, in terms of absolute strain, this 
same impairment is evident, indicating that the animals have come back 
only 70 per cent to 80 per cent of the way. These findings are identical 
with the findings in an earlier series of pneumonectomized adult dogs. 

In addition, it was noted that for the first six months the normal 
controls grew a little more rapidly than did the pneumonectomized 
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puppies, but in the ensuing three months, the one-lung puppies seemed 
to grow at a more rapid rate, so that by the end of nine months, when 
this particular specie attains its maximum skeletal growth, there was but 
a slight difference. 

We realize full well that a series of nine animals is insufficient to 
warrant accurate biometric analysis, but we do feel that our results are 
sufficiently consistent to demonstrate physiologic trends. The results 
indicate quite definitely to us that the capacity of the organism for 
further growth accounts not only for difference in the anatomic changes 
following pneumonectomy, but also for the difference in return of fune- 
tion. As to the practical application of these findings: Lobectomy and 
pneumonectomy for congenital cystic disease, congenital emphysema, 
bronchiectasis, ete. (occurring in the youth) will result in the least im- 
pairment of the cardiorespiratory reserve the younger the patient at the 
time of operation. 


Acknowiedgment: The analytic studies in this work were executed by Dr. C. C. 
Wang, to whom we are indebted for her interest and help. We are grateful to Dr. 
Glenn Cullen for his criticism and suggestions, 
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DISCUSSION OF PAPERS 


DR. EDWARD J. O’BRIEN, Detroit, Mich.—I am sure we have all greatly ap- 
preciated this wonderful presentation by Dr. Jacobaeus and the members of our 
Society, and I hope we have profited by it. I was a little confused for a while as 
to just how all this could be correlated. When we stop to think about it, everything 
that has been said this afternoon tends to show that the greater the extent of disease 
and destruction of parenchymal tissue and the greater the amount of collapse that 
is necessary to take care of it, the greater will be the reduction in vital capacity, 
oxygen consumption, and so forth. 

I should like then, with your permission, to get something off my chest, which 
may vary just a little bit from the program, but which I think most vitally important 
to this organization. 

I think the public gets a pretty bad break from the medical profession as a whole 
in the treatment of pulmonary tuberculosis, but I don’t think they ought to get it 
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from members of this Society. Still we are forced to listen, even in this organiza- 
tion, to a lot of drivel about the dangers of simple procedures like phrenics, ete., in 
the early treatment of the disease. 

Dr. Werner and I found, a good many years ago, in our patients following 
phrenic operations, that while there was a reduction of vital capacity immediately, 
this returned in a few weeks, and the change in oxygen consumption, except in 
extensive disease, was not so great. 

When a patient presents himself to us for treatment of pulmonary tuberculosis, 
we have two problems; one is the care of that individual, and the other, which to me 
is far more important, is the protection of the public. This seems to have been 
forgotten. I should like to refer back to an article that Berry’s name was attached 
to in the April issue of the JOURNAL OF THORACIC SURGERY, where the stupendous 
series of 68 cases was presented, and the opinion of almost every man in the United 
States, who does this work, was ridiculed. In that group, 31 were lying around the 
hospital rotting until five months were over before cavity closure was accomplished ; 
from one year to two years, 17 more; and over two years, six more. This, to me, 
isn’t managing tuberculosis, and it is not being fair to the public, patient, or any- 
body else. 

We out in Detroit seem to feel that there isn’t much excuse for pulmonary tuber- 
culosis existing, because everybody gets the disease from somebody who has had it; 
and when we see a patient with an active lesion, we attempt to control it im- 
mediately, 

All this trash about the relative merits of phrenicectomy, pneumothorax, and 
thoracoplasty should be forgotten. Some procedure, I don’t care what it is, should 
be done immediately to close all cavities in order to prevent extension of disease 
in the patient, as well as to protect the public. In the article referred to, there 
was a list of contraindications for phrenics. What the word ‘‘contraindication’’ 
meant to the authors, I don’t know; but to me it means that, in those patients where 
it exists, the performance of the procedure will cause a deleterious result. They 
mention as contraindications, a patient with a large cavity, or with a thick-walled or 
peripheral cavity. These are not contraindications just because the percentage of 
cavity closure in these patients will be small. Then they mention patients who have 
a pericavernous infiltrate, and say danger exists here because paradoxical breathing 
would pump sputum into the other lung. There’s a hot one. Whoever figured that 
out, I don’t know, but it is a classic. They also add that, where a thickened pleura 
exists which, they say, usually extends to the diaphragm and causes a fixation of 
this muscle, another contraindication exists because, after a phrenic, an eccentric 
tension exists which tends to pull open the cavity. That’s a hot one, too. And how 
it was figured out, I don’t know. 

As a matter of fact, some of our very best phrenic results are in patients with a 
high diaphragm that is fixed. 

I think we ought to come down to earth and not be ultrascientific. Let’s be 
doctors. Let’s find patients with early minimal lesions and attempt to control these 
lesions immediately. Putting the patient in a hospital at bed rest alone isn’t suf- 
ficient, because people sit on beds and hold hands and kiss, and we have even had 
them become pregnant in our hospitals. Go to some hospital on visiting afternoon 
and see how carefully those patients are segregated. The public are not protected 
unless cavities are closed and patients’ sputum negative. 

In that article also, the question raised by Coryllos (I never thought I would ever 
get over to Coryllos’ side) about the danger of waiting for closure of cavity for 
one and two years before doing something is minimized. 

Incidentally, before I forget it, in all Berry’s patients pneumothorax, they said, 
was of course the first procedure of choice, because it is more effectual and simple. 
Get that, pneumothorax more simple than phrenics. Refills over years with dangers 


> 


- 


DISCUSSION OF PAPERS 337 


of spontaneous pneumothorax, fluids, empyema, failure to reexpand, and as Dr. 
Jacobaeus beautifully points out, the reexpanded lung didn’t have any function 
when it was let out. But let’s get back to the time elapsing following a phrenic be- 
fore other procedures were instituted. Berry and his coworkers say, ‘‘We have never 
found one case where thoracoplasty was delayed or made impossible,’’ but Fig. 5 or 
6 of that same article shows a patient one year following a phrenic and the cavity 
still open, the patient lying there, God knows why, for all this time, and in the 
meantime, a spread occurred to the other lung. If that has not delayed or obviated 
the possibility of thoracoplasty, I am a Chinaman. They may say pneumothorax 
was instituted on the other side, and they were finally able to do a thoracoplasty, 
but that doesn’t answer it. Suppose they couldn’t institute a pneumothorax on the 
side where the spread occurred, certainly the patient then would have lost his only 
opportunity for thoracoplasty. 


DR. ELOESSER.—Your five minutes are up, and I shall have to ask you to con- 
fine yourself to the question at issue, which is changes in physiology. 


DR. O’BRIEN.—These are changes in physiology. The longer the disease is al- 
lowed to progress, the more destruction of physiology will occur, so we are getting 
into physiology and more pathology very fast. My plea is to correlate all that we 
have heard here today and prevent the unnecessary loss of lung parenchyma by some 
procedure instituted early. Let’s be doctors; and when we see a patient with an 
early parenchymal lesion, as I stated before, let’s not sit around and twiddle our 
thumbs, but let’s control the lesion with some procedure immediately to protect the 
patient as well as the community. 


DR. ELOESSER.—Is there further discussion? It hasn’t been customary to 
ask discussion on guests’ papers, but if Professor Jacobaeus would like to add any 
remarks, we would be very glad indeed to have him. 


DR. JACOBAEUS.—As to the cases of pneumothorax, I have had much better 
function in the lung than one could believe from the x-ray, although we have found 
that where the x-ray showed a well aerated lung, the function was not at all 
the same. 


DR. JOHN S. HARTER, Boston, Mass. (closing).—I would simply like to 
add that I am somewhat in agreement with Dr. O’Brien. The purpose of my 
giving all these figures and making it seem rather a mixed-up affair is to get you 
as confused in your mind as I am in mine as to what the operation does to these 
patients. 

I think it is very dangerous to draw conclusions from these studies as to how 
the operation itself changes the lung volume. Especially when you have so many 
uncontrolled factors, as what is the effect of tuberculosis on the lung volume of 
the individual, what would happen to a normal individual after thoracoplasty, what 
would happen to the lung volume of an individual treated similarly to a tuberculous 
patient, and what is the effect of physical activity. I feel that these figures are 
simply a presentation of observations of lung volume before and after thoracoplasty. 
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THE REMOVAL OF A LARGE DERMOID CYST FROM THE 
ANTERIOR MEDIASTINUM* 


Ernest V. M.D., D.Sc., F.A.C.S., G. Mitts, A.B., M.D. 
Fonp pu Lac, WIs. 


ORDON’ in 1825 reported the first authentic case of a tumor con- 

taining bone and teeth found in the anterior mediastinum. A little 
more than one hundred years later, or in 1933, Hedblom? collected one 
hundred and eighty-five cases from the literature which with six of his 
own brought the total number up to one hundred and ninety-one. A few 
eases have been described since his article was published. Of this entire 
number of approximately two hundred eases, very few were true dermoid 
cysts; by far the greater number were teratomata. We believe the two 
types of tumor should be differentiated. The teratomata are more often 
solid tumors, or polyeystice ; they frequently undergo malignant changes, 
and usually contain tissues from all three germinal layers. The true 
dermoid eyst is derived from the ectodermal tissue entirely ; it is mono- 
eystie as a rule, and seldom becomes malignant. Hammerskjold® states 
‘‘that it is a mistake to place dermoid cyst and solid teratomata in the 
same class as the roentgen picture is extremely variable and only the 
dermoids are definitely characterized by sharply outlined, smoothly 
rounded areas of density.’’ 

The term dermoid cyst has been suggested as the most inclusive name 
for this group of tumors. They are congenital in origin, and their com- 
mon feature is the presence of epidermis or its products. This would 
conform to the monogerminal hypothesis, which claims that all types 
arise from the same embryo. The most generally accepted opinion is 
that these dermoids are the result of foetal inclusions and represent a 
later stage in the germinal differentiation, whereas, the teratomata repre- 
sent an early cell inclusion. Some authors consider them ectodermal 
displacements pulled down into the chest by the descent of the heart or 
by abnormal displacement of cells from one or the other side of the 
branchial clefts. The embryo has four paired branchial grooves separated 
by arehes. The regions corresponding to the second, third, and fourth 
grooves become deepened, forming the cervical sinuses which later close 
and disappear. Instead of disappearing, however, a sac of epithelium 
from the lower groove may be left unobliterated in the region of the 
superior mediastinum, and the dermoid cyst is thought to originate from 
this sae of misplaced ectoderm. 

The age, or period of life, at which dermoids and teratomata have been 
found has varied greatly. Medval* reported a cyst in a nursling. The 
oldest case is that of a woman of sixty-two years reported by Faweett.® 
The greater number of these cysts, however, have been recognized in 
patients during the second and third decades. 

Of the two hundred eases reported in the literature, about eighty cases 
have been operated upon, sixty of which have had multiple operations. 


*From the Wiley-Smith Clinic, Fond du Lac. 
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Methods employed at operation have been drainage, partial resections, 
complete resections in several stages, and, in a few eases, complete re- 
moval at one primary operation. More than half of the two hundred 
cases were reported as having been found either during the course of 
routine examination or at autopsy. Many had produced no symptoms 
referable to the chest. Since the advent of x-ray as a diagnostic aid in 
chest conditions, these tumors are being found more frequently. 

The first case to be operated upon was that by Pohn in 1871, when he 
drained a dermoid protruding in the neck. Complete extirpation was 
first performed in 1893 by Bastianelli who resected the manubrium, after 
three previous excisions of a fistula, and obtained a permanent cure. 

Heuer® reports a study of seventy-two collected operations, of which 
forty-eight received treatment by drainage and incomplete resection. In 
that series there were eighteen deaths, the majority due to infection. Of 
the thirty patients who lived, many developed draining fistulae and were 
not benefited. Twenty-four of the seventy-two cases had a complete 
extirpation of the tumor, with three deaths and a cure in the remaining 
twenty-one cases. Drainage at any time is apt to result in infection and 
increase the immediate risk and hazards of later radical extirpation. 

The surgical approach depends upon the location and size of the tumor, 
and whether it is in the anterior or posterior mediastinum. <A cervico- 
sternal dermoid, if small, may be reached through a transverse cervical 
incision, as for removal of a substernal goiter. Substernal dermoids 
have been drained by trephining the sternum and also through a 
sternal ‘‘window.’’ The sternolateral or lateral cases have been treated 
differently. Harrington’ prefers the posterior approach, particularly if 
the tumor projects into the pleural cavity or is adherent to the lung, 
claiming that much greater exposure can thus be obtained. If the tumor 
is confined to the anterior or superior mediastinum, he prefers the an- 
terior approach either by splitting the sternum or resecting the cartilage 
and then turning back the wall of the thorax. Hedblom? in most of his 
eases made use of rib spreading, with a resection of one or two ribs to 
obtain exposure. We believe from a study of the literature and from the 
experience of our own case that in the large tumors of the anterior 
mediastinum, the approach should be from the front and every attempt 
made to avoid opening the pleura. According to the case reports of 
many of those operations where the approach has been transpleurally, 
there is a common complication of either a pleural effusion or an em- 
pyema. We cannot understand why so many surgeons hesitate to drain 
the mediastinum after the removal of a tumor. It is hard to believe that 
soft rubber drains placed into a large cavity, which is apt to fill with 
serum, induces infection. We think it is proper to prevent this aceumu- 
lation of serum and allow the tissues to fill the space occupied by the 
tumor mass. 


The history of. our case follows: Date of first examination was Dec. 21, 1933. 
Mrs. A. W., aged twenty-seven years, One pregnancy occurred which terminated 
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in a miscarriage. The chief complaint at the time of our first examination was; 
‘pain in the left chest and shortness of breath,’’ which dated back to early 
childhood when, at nine years of age, she had suffered from pains in her left 
chest. At that time the pains were attributed to heart trouble. At fourteen a 
feeling of distress in the left chest with shortness of breath on exertion caused 
her to consult a physician. These symptoms are recalled rather vividly because 
on account of them she was unable to run and play like other children. Her 
doctor told her then that she had heart trouble and should avoid unnecessary 
exertion. This condition continued much the same throughout the next few years 
of her life. Later she became relatively free from these symptoms, and dancing and 
other forms of light exertion were tolerated without much distress. At about nine- 


Fig. 1. Large dermoid cyst of left chest. 


teen an x-ray examination of her chest revealed a dextrocardia, with a markedly 
enlarged heart area. The patient was informed that she had a greatly enlarged and 
dilated heart. At twenty-three or twenty-four years of age there came a return 
of those symptoms of childhood. They grew progressively more severe, and relief 
was again sought for the shortness of breath and pain in the left chest. The pain 
was described as a full dragging sensation. It did not radiate. Slight dyspnea 
was noticed even at rest. Associated were frequent attacks of weakness and cardiac 
palpitation. The patient complained of chronic fatigue and occasional attacks of 
fainting. Loss of weight was not marked. There was an occasional sharp 
‘¢pleuritic’’ type of pain in the lower left chest. Finally, almost complete bed rest 
was necessary. There had been a persistent cough three years previously which had 
lasted several months. The history of the other systems was essentially negative. 
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Physical examination was as follows: The chest showed some bulging in the 
lower left, and the expansion there was impaired. There was dullness over the 
lower two-thirds of the left chest, and breath sounds were markedly diminished 
over this area. There were a few fine rales at the left base near the anterior 
axillary line. The apex beat of the heart was situated to the right of the sternum 
in the fifth interspace. The cardiac dullness was to the right. The heart sounds 
were of good quality and the rhythm regular. There were no murmurs and the 
rate was about normal. The abdomen was negative. The pelvic examination was 
negative. Laboratory examinations: Urine—specific gravity 1.016, alkaline reac- 
tion, no albumin, no sugar, and microscopic examination negative. Blood— 
hemoglobin 63 per cent; R. B. C. 3,740,000; leucocytes 11,800. Blood Wassermanns 
were reported negative on Jan. 9, 1934, Mar. 5, 1934, and Oct. 3, 1984. 


on 


Fig. 2.—Lateral view of dermoid cyst of chest, showing definite pedicle attached high 
in the mediastinum. 


Under the fiuoroscope and by means of x-ray films it was determined that the 
heart comprised only the extreme right portion of the shadow (Fig. 1). The 
aorta was apparently about the usual size, and the arch was not far from the 
normal position. The ascending portion, however, came from the right chest and 
was observed to be connected with the actively moving heart. The portion of the 
dull mass on the left side did not move end took no apparent part in either the 
cardiac or the aortic activity. This mass apparently crowded the left lung into a 
small area above and a narrow strip posteriorly and below. 

The area of dullness was seen to be roughly spherical in shape, extending to 
the ribs on the left and just beyond the midline, where it merged with the shadow 
east by the heart. The density of the two areas was decidedly different. Faint 
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bronchial shadows were seen across the heart area, whereas the contrasting region 
was too dense for these to be seen. There was no evidence of encroachment upon 
any bony structure with loss of its substance. The spine was straight, and the 
ribs were intact throughout. The lung tissue cast very little shadow and appeared 
to be normal everywhere. 

In the lateral view the mass (Fig. 2) from this direction again appeared spherical 
and touched the sternum and the anterior chest wall in its lower half. The upper 
pole shows a definite pedicle and continues upward to fuse with the tissues at the 
region of the seventh cervical, or first thoracic vertebra. The periphery of the 
mass was distinct from all other shadows, except where it touches the liver shadow. 
The density was interrupted by the ribs coursing across it and by the spine 
posteriorly. 

From the patient’s history of symptoms suggesting a tumor since childhood, 
most likely one of congenital origin, from a study of the x-ray films, and as a 


Fig. 3.—First stage of operation with the breast and pectoralis major reflected and 
incision through the cartilage of the second and third ribs. Opening not made into 
the pleural cavity. 


result of the fluoroscopic examination, we concluded that we were dealing with a 
large dermoid cyst of the anterior mediastinum, attached by a pedicle to the upper 
part of the mediastinum. 

On account of the location and size of the tumor in this case and because its 
pedicle apparently was attached at the base of the neck, it was deemed advisable 
to enter the chest from the front by dividing the second, third, fourth, and fifth 
ribs through their sternal cartilages, and dividing them again as far laterally 
as necessary to make a window of sufficient size to obtain good exposure. 

On Sept. 21, 1934, nine months after our first examination, under general ether 
anesthesia given with an open mask and by the drop method, an incision through 
the skin was made, beginning about one inch to the left of the inner end of the 
left clavicle and extending downward along the left margin of the sternum to the 
sixth rib, and then to the left under the left breast. The skin with the breast was 
then dissected free and turned outward. By blunt dissection the lower three-fourths 
of the pectoralis major was freed from the chest wall; it was then divided from 
its sternal attachment, and it also was turned outward and upward (Fig. 3). 
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The second, third, fourth, and fifth ribs were then divided through their car- 
tilaginous portion about one-half inch to the left of the sternum. The cartilaginous 
part was cut on a bevel from without to the left. Great care was exercised to 
avoid opening into the pleural cavity. With the fingers under the ribs, the pleura 
was dissected free from the posterior surface of the incised ribs. After having 
separated the pleura from the inner surface, these ribs were again sectioned in 
the anterior axillary line, care being taken not to injure the intercostal tissues. 
The chest flap or window was then turned outward after dividing the intercostal 
tissue between the first and second and between the fifth and sixth ribs (Fig. 4). 

After this costal window was turned back, the bulging tumor could be seen 
and palpated; at no time during the entire operation was the left lung seen or 
the pleura opened. 

A vertical incision near the sternum was made through the tissue overlying the 
eyst down to the cyst wall, and with the fingers and blunt dissection the cyst was 


Fig. 4.—Showing tissue above the tumor divided and the window in the chest turned 
back, but the pleura not opened. 


partly enucleated. At this stage it was decided that the operation would be 
simplified by draining the cyst. With a trocar 1700 ¢c.c. of watery sebaceous fluid 
was withdrawn, but the cyst was not entirely emptied. A handful of hair 
was found inside the cyst which, of course, established the diagnosis. After clos- 
ing the opening in the cyst with forceps, the cyst wall was then removed by both 
blunt and sharp dissection and its pedicle ligated. During the time that the 
cyst was being removed and about the time the wall of the cyst was being 
separated from the pericardium, the patient developed some respiratory difficulty ; 
that is, there occurred a flapping of the mediastinum with each respiration. This 
was controlled by the free use of moist salt packs. The pedicle was attached 
very high in the mediastinum at the body of the first thoracic vertebra. The 
wall of the cyst separated from the syrrounding tissues quite easily, except that 
portion attached to the pericardium. Very little hemorrhage was encountered at 
any time during the operation. During the process of shelling out the tumor, 
not more than a half dozen vessels were encountered which required ligation. We 
were surprised at the size of the left subclavian vein, which was exposed and ap- 
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peared to be at least an inch in diameter. Its enlargement may have been caused 
by pressure from the pedicle of the cyst. Three soft rubber drains were inserted, 
with the ends of the drains brought out at the most dependent part of the wound 
to prevent any accumulation of serum in the mediastinum. 

The chest flap or window was replaced and sutured, employing interrupted 
sutures through the intercostal fascia. The sternal attachment of the pectoralis 
major and the skin with the breast were sutured. 

Convalescence of the patient was stormy for the first five or six days, and the 
drainage of serosanguineous fluid was quite profuse. All drains were removed 
by the end of two weeks, but some drainage continued for at least six weeks. This 
gradually ceased, and since then there has been no drainage. At no time was 
there an accumulation of fluid in the pleural cavity. 


Fig. 5.—Condition of chest nine months after operation. 


Following the removal of the cyst, x-rays of the chest were made at intervals 
of about a month. The heart changed its position very gradually, and it was 
at least six months before it had shifted to its normal position on the left side 
of the chest (Fig. 5). The left lung has gradually improved and expanded. 
The patient has gained twenty-five pounds in weight and is doing all of her 
housework and seems to be in perfect health (Fig. 6). 


TUMOR MASS 


The general external characteristics of the tumor are shown in Fig. 8. 
As will be seen, the diameter of the reconstructed tumor mass is about 
15 em., and in this condition, after being stuffed with cotton and dropped 
in water, its displacement is found to be 1,710 ¢.c. This is obviously 
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Fig. 6.—Appearance of chest one year after operation. 


Fig. 7.—Showing tumor after removal. Bottle containing hair from dermoid cyst. 


smaller than the original size, as fully 1,700 ¢.c. were drawn off during 
the operation. It is estimated, therefore, that the tumor and its contents 
contained fully 2,000 
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The fluid content of the cyst is yellowish in color, somewhat thicker 
than serum, contains numerous flakes of yellowish sebaceous appearing 
material and numerous loose white hairs, perhaps 2 inches in length. A 
mass of these is shown in the bottle beside the tumor in the illustration. 

The wall of the tumor is essentially fibrous in structure, and varies in 
thickness from perhaps 5 mm. to 12 mm. The color is white to yellow, 
and the consistency is increased here and there by ecaleareous plaques. 
On section the wall is distinctly laminated, with streaks of yellowish hard 
material scattered irregularly throughout its structure. Internally the 
wall is similar to the external appearance, and seems to be devoid of 
epithelial elements, except in patches where long gray hairs seemingly 
come directly out of the connective tissue walls. In the vicinity of the 
pedicle the wall is much thicker than elsewhere, and the inner surface 
is roughly trabeculated. Inside the appearance is very cystic, and the 
contents of the small sacs are gelatinous. Very few blood vessels are to 
be seen. 
SUMMARY 

We believe that a dermoid cyst of the mediastinum presents a clinical 
history and symptoms with x-ray findings which are quite typical of this 
type of tumor, and that they should have a distinct and separate classi- 
fication among the tumors of the chest. 

We are convinced, from a study of the literature, that drainage of 
these cysts adds great danger to later operation and rarely benefits the 
patient. 

We wish to emphasize the removal of this cyst from the anterior 
mediastinum by making a window in the anterior chest wall of sufficient 
size to permit free exposure and the completion of the operation without 
opening the pleura. 


This we believe to be one of the largest dermoid cysts ever removed at 
a primary one-stage operation, where the diagnosis was established before 
the operation was attempted. 
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The American Association for 
Thoracic Surgery 


Report of the Committee to Study the Problem of the Training of 
Thoracic Surgeons, With Particular Reference to Their 
Certification by a National Board 


The Committee appointed at the 1936 meeting of the American Association for 
Thoracic Surgery to study the problem of the education and possible certification 
of thoracic surgeons, has had two meetings. 

The first meeting took place on Monday, January 10, 1937, at the Palmer House 
in Chicago, and was attended by all the members. The American Board of Surgery, 
which was then in process of formation, met there at the same time and permitted a 
joint meeting of the two committees later in the day. 

The basis of discussion was a provisional report prepared by the chairman, which 
was composed of two sections, one dealing with the education of the Thoracic Sur- 
geon, and the other with the desirability of establishing a certifying board. It was 
supplemented by answers to a questionnaire which had been sent to the members of 
the Association asking for information about the number of residencies in thoracic 
surgery now available, the number of hospitals in which there is sufficient material 
to warrant such residencies, but in which they have not been established, and the de- 
sirability of establishing such residencies where the material is sufficient. 

Up to the year 1936 the membership of the American Association for Thoracic 
Surgery included 97, or 61 per cent, general surgeons, with a special interest in 
thoracic surgery, while 18, or 11.3 per cent, classified themselves as specialists in 
thoracie surgery who restrict their work to that specialty. This makes a total of 
72 per cent surgical members. Although only 34, or 35.1 per cent, of the general 
surgeons stated they themselves had had some special training in thoracic surgery, 
91, or 93.9 per cent, of this same group felt that it is advantageous or necessary 
to have such special training. This statement, however, may be modified by saying 
that 59, or 60.8 per cent, felt that the necessary proficiency in thoracic surgery may 
be acquired as a part of the training for general surgery, provided a sufficient num- 
ber of chest cases are available on the general surgical service. On the other hand, 
of the 18 surgeons who specialize in thoracic surgery, 15, or 83.3 per cent, had 
special training, and all of them, or 100 per cent, believe that such special training 
is essential. Their viewpoint may be influenced by the consideration that all the 
technical diagnostic and therapeutic procedures carried out on a chest service consti- 
tute part of the training of a thoracic surgeon. The general surgeon with a special 
interest in thoracic surgery, on the other hand, is usually concerned only with the 
operation and aftertreatment, leaving all other procedures in the hands of internists, 
phthisiologists, and endoscopists of the general hospital staff. 

There can be no doubt that a knowledge of the normal physiology of respiration 
and circulation, and the effect a closed or an open pneumothorax has on their 
function, is of paramount importance. A knowledge of the medical aspect of pul- 
monary tuberculosis which furnishes such a large percentage of cases to the thoracic 
surgeons, is also of great value. There are in addition so many other interesting 
questions to be solved in the development of a new surgical field, such as thoracic 
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surgery is, that we can well understand the value and need of special training. It is 
evident that thoracic surgery is on the increase and that the demand for thoracic 
surgeons will make it incumbent on many of the younger men to seek training in 
this specialty. 

Our Association should be and is concerned with the creation of opportunities for 
such training. For this reason the replies to the questionnaire were very significant. 
They show: 


1. Members reporting residencies in thoracic surgery 
already established 24 

2. Members having sufficient material to warrant such 
residencies, but with no present provision 
for them 

3. Of these 21 members, only 10 favored the estab- 
lishment of residencies. 


From these replies it is seen that there are probably not more than 24 residencies 
in thoracic surgery available in this country and Canada. The number is put at not 
more than 24 as there was considerable duplication of reports on the part of in- 
ternists associated with thoracic surgeons. 


An analysis of the answers to the questionnaire further indicated several impor- 
tant findings: 

1. That the average general hospital does not have a sufficient number of chest 
eases to warrant a resident in thoracic surgery. 

2. In case there is sufficient material, it may be so scattered, or divided among 
different surgeons of an institution, that it is not available for teaching. In smaller 
cities with outlying sanatoria there are often a sufficient number of chest cases for 
a thoracic surgeon, but they are also so scattered that no satisfactory resident 
system can be established. 

3. The most important finding is that the majority of our members, who are 
general surgeons with a special interest in thoracic surgery, are opposed to having 
a resident in thoracic surgery. They do not favor depriving young general surgeons 
in training of the advantages which experience with thoracic cases gives them. 
The attitude is stressed that the training of a general surgeon must include all types 
of surgery. 

One is, therefore, forced to the conclusion that special training for thoracic sur- 
geons can best be carried out in institutions concentrating large groups of chest cases, 
such as university clinics, special departments of general hospitals, or tuberculosis 
hospitals. 

The Committee then considered the question of establishing a special certifying 
board for thoracic surgery. In so doing they surveyed the subject and. found that 
at the present time the following surgical specialties are recognized, each with its 
own certifying board: General Surgery, Gynecology, Urology, Otolaryngology, 
Ophthalmology, and Orthopedic Surgery. 

In addition to these there are several other potential surgical specialties which 
may claim recognition as independent specialties and desire their own certifying 
board. One may name Oral Surgery, Neurosurgery, Cancer Surgery, Plastic Surgery, - 
Traumatic Surgery, Thyroid Surgery, Thoracic Surgery, Rectal Surgery, and several 
others which would eventually split up surgery in such a way that a well-trained 
general surgeon might be difficult to find. 

Our Committee has, therefore, carefully considered this entire question, and de- 
sires to put itself on record as opposed to the further splitting up of general surgery 
into subdivisions. 
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It proposes to the American Association for Thoracic Surgery recognition of the 
principle that all surgeons, regardless of whether they consider themselves general 
surgeons or surgical specialists, be trained as general surgeons. A surgical specialty 
should be considered a field of special interest for a general surgeon, rather than a 
definite specialty. A general surgeon may thus have several special interests, de- 
pending on his ability and inclination. If such a surgeon later on develops into a 
real specialist, because he has special gifts and inclinations, one may consider that 
a normal and not a forced development. Such a development is in accordance with 
the best surgical traditions. 

The important points we should recognize and advocate at the present time are: 

1. That all future thoracic surgeons must be well-trained general surgeons as 
determined by the American Board of Surgery. 

2. That general surgeons will of necessity continue to do thoracic surgery as far 
as they are able to and their inclinations permit. 

3. That for those men who desire to prepare themselves as thoracic surgeons, spe- 
cial opportunity for training be provided. 

4, Such training may be of a longer or shorter period, depending on the needs and 
desire of the surgeon. 

5. One may visualize a short period of training in a thoracic clinic or a tubereu- 
losis hospital to supplement the training of any young general surgeon. With the 
great demand for men qualified to do thoracic surgery in addition to their other 
work, such residencies may become very popular. 

6. One may also visualize a long period of training of two or more years to in- 
elude all technical procedures used in the diagnosis and treatment of thoracic disease, 
perhaps supplemented by courses in the basic sciences. Such residencies or fellow- 
ships would qualify men to become specialists or to teach thoracic surgery. 

As far as our Association is concerned the Committee feels that it is wise not to 
stray too far from the purposes for which it was founded. It should continue to 
develop thoracic surgery along scientific lines by the encouragement of research, 
clinical investigations, and the exchange of ideas at its meetings. It may further 
be of service by encouraging the establishment of residencies at those institutions 
qualified to teach thoracic surgery. The Committee does not recommend to the 
Association the establishment of its own Certifying Board, but favors cooperation 
with the American Board of Surgery. 

The Committee then proceeded to adopt resolutions to be presented to the Associa- 
tion at its next meeting, and also to present unofficially and immediately to the Ameri- 
ean Board of Surgery, then in session. 

The following resolutions were adopted: 


1. Be it resolved that the American Association for Thoracic Surgery recog- 
nize the American Board of Surgery as the parent organization which 
should properly be in control of all matters pertaining to the training and 
certification of surgeons and surgical specialists. 

2. Be it further resolved that the American Association for Thoracic Surgery 
signify to the American Board of Surgery its willingness to cooperate with 
it, if and when the special certification of thoracic surgeons seems desirable. 

3. Be it further resolved that in case a subcommittee be desired by the Ameri- 
can Board of Surgery, it be appointed by the Council of the American 
Association for Thoracic Surgery and that it be composed of surgical mem- 
bers of the Association. 

4. The functions of the subcommittee should be determined by the American 

Board of Surgery. 
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The Committee then joined the members of the American Board of Surgery in 
its meeting and presented the resolutions just adopted. It was definitely stated that 
the resolutions would first have to be passed on by the Association at its annual 
meeting before becoming official, but were read at this time only to give the Board 
the opinion of the Committee. 

The Committee had a second meeting on Sunday, May 30, 1937, at the home of 
Dr. Edward 8. Welles, Saranac Lake, at which time the above report and resolutions 
were approved by the council for adoption by the Association. 


Respectfully submitted : 


JOHN ALEXANDER, M.D. 
Epwarp W. ARCHIBALD, M.D. 
Epwarp D. CHURCHILL, M.D. 
Danie C. ELKIN, M.D. 

Leo ELOoEssER, M.D. 

Evarts A. GRAHAM, M.D. 
Eacers, M.D., Chairman. 


Twenty-First Annual Meeting of the American Association 
for Thoracic Surgery 


Atlanta, Ga., April 4, 5, 6, 1938 
Headquarters Atlanta Biltmore Hotel 


An unusually interesting meeting is assured by the large number of excellent 
papers which have been submitted to the Program Committee. All aspects of 
thoracic surgery are covered, and the newest procedures in the collapse therapy 
of pulmonary tuberculosis are carefully evaluated. 

Copies of the program will be available early in March and will be sent to any- 
one applying for them to the Secretary, Dr. Richard H. Meade, Jr., 2116 Pine St., 
Philadelphia. 

Hotel reservations should be made directly through the hotel management. For 
other information about the local arrangements letters should be addressed to one 
of the members of the Local Committee. The members of this committee are: 
Dr. Frank Boland, Dr. T. C. Davison, and Dr. Dan C. Elkin. 
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